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PREFACE 

The California Energy Commission Energy Research and Development Division supports 
public interest energy research and development that will help improve the quality of life in 
California by bringing environmentally safe, affordable, and reliable energy services and 
products to the marketplace. 

The Energy Research and Development Division conducts public interest research, 
development, and demonstration (RD&D) projects to benefit California. 

The Energy Research and Development Division strives to conduct the most promising public 
interest energy research by partnering with RD&D entities, including individuals, businesses, 
utilities, and public or private research institutions. 

Energy Research and Development Division funding efforts are focused on the following 
RD&D program areas: 

• Buildings End‐Use Energy Efficiency 

• Energy Innovations Small Grants 

• Energy‐Related Environmental Research 

• Energy Systems Integration 

• Environmentally Preferred Advanced Generation 

• Industrial/Agricultural/Water End‐Use Energy Efficiency 

• Renewable Energy Technologies 

• Transportation 

 

Geothermal Resource Assessment Update: The Long Valley Region is the final report for the CREC 
TASK 4.2 project contract number 500‐08‐017 conducted by the California Geothermal Energy 
Collaborative. The information from this project contributes to Energy Research and 
Development Division’s Renewable Energy Technologies Program. 
 

For more information about the Energy Research and Development Division, please visit the 
Energy Commission’s website at www.energy.ca.gov/research/ or contact the Energy 
Commission at 916‐327‐1551. 
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ABSTRACT 

California has a broad inventory of geothermal resources. High temperature geothermal 
systems are well recognized and have been an important part of California’s renewable energy 
portfolio for many years. Significant uncertainty remains regarding how large this resource is. 
This uncertainty slows development of the geothermal resource base by limiting policy 
initiatives that can encourage appropriate use of this resource, and slows investment and 
growth in the industry. This project examined the scale of uncertainty in geothermal resource 
estimates, and provided a template for developing data compilations, overviews and 
introductory material that could be useful for streamlining further research efforts. The 
documents associated with this effort included an extensive bibliography of site‐specific 
literature, an overview of the state‐of‐knowledge regarding a specific geothermal system (in this 
case, the Long Valley caldera system), a field guide, and a website with specific data related to 
the site’s characteristics. The report concludes with specific questions on high priority research 
topics that need to be addressed to significantly reduce the uncertainty regarding the 
magnitude of the geothermal resource in the Long Valley region.  

 

 

Keywords: California Energy Commission, geothermal resource assessments, Long Valley 
caldera 
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EXECUTIVE SUMMARY 

Introduction 
California possesses some of the nation’s most extensive geothermal resources. Most of these 
resources were discovered several decades ago and many of them have undergone significant 
development. California’s current installed capacity for generating electricity from geothermal 
resources is about 1,800 megawatts (MW) from 43 power plants. Geothermal power plants 
generally have high capacity factors, operating at 85 percent to 98 percent of their nameplate 
capacity. Geothermal energy contributes approximately half of all the renewable energy the 
state produces, with the added advantage that this power contributes to the state’s baseload 
capacity. 

It remains uncertain how much electricity could be produced from geothermal resources. 
Geothermal resources are difficult to assess because they can only be evaluated indirectly from 
a variety of geological, geophysical and geochemical measurements, unlike other renewable 
energy resources that can be evaluated relatively easily using direct measurement methods. A 
variety of techniques are employed to quantify the amount of energy available in the subsurface 
in the vicinity of a suspected geothermal resource, but significant uncertainty remains regarding 
the actual magnitude of the accessible resource. 

Improving estimates of available geothermal resources is important because these estimates can 
improve the ability to plan for renewable energy penetration in the energy market, reduce risk 
when pursuing development of a resource, and provide more credible information on which to 
base energy policy decisions.  

Project Purpose 
The California Geothermal Energy Collaborative (CGEC) undertook this project to make 
publicly available scientific data related to individual geothermal resource areas more easily 
accessible. The goal of this effort was to streamline research projects so that less time was spent 
on data searches and compilation and more time could be spent on model development, 
targeted data acquisition, and improving the state‐of‐knowledge of resource characteristics. The 
CGEC believed that this data compilation should be the fundamental first step in well‐designed 
scientific research projects, enabling better definition of research questions and reduced 
uncertainty of geothermal resource estimates. 

Project Results 
This report discussed the state‐of‐knowledge for geothermal energy resources in California. It 
then provided a compilation of current knowledge regarding the Long Valley Geothermal 
System (also known as Long Valley caldera, or LVC). A companion document to this 
compilation was an extensive bibliography of all scientific literature pertaining to the Long 
Valley caldera system that could be identified using a variety of search tools. A field trip guide 
written by Dr. Gene Suemnicht was also included as part of this data compilation. The field trip 
guide provided an excellent summary of the geological evolution of the Long Valley caldera 
area, and had a field log that can be used as a self‐guided excursion plan for becoming familiar 
with the key features of this area.  
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These assembled data indicated that the main features of the Long Valley caldera system were 
established during a cataclysmic eruption around 760,000 years ago. Seismic, geochemical, and 
geophysical data demonstrated that the system continues to be an active magmatic system. 
Replenishment of the magma chamber by new volumes of magma appeared to have been 
responsible for a variety of seismic, geomorphological and geochemical events in the 1980s‐
2000s. These activities indicated that this geothermal resource had the potential to provide 
much more geothermal power. The Casa Diablo power production facility was the only one 
operating in the area at the time this research was conducted.  

The authors believed that several key research areas need further support and effort to better 
resolve the power production potential of this region. Research questions that need to be 
addressed included: 

1. What is the three dimensional geometry of the flow field that maintains the elevated 
subsurface temperatures? 

2. What is the recharge area and rate for the flow system and how does it vary seasonally? 
3. What is the precise geometry of the magma body and associated small magmatic 

intrusions (i.e., dikes) that affect the local temperature field? 
4. What is the subsurface pattern of permeability distribution and what controls it? 
5. How does the system of faults affect the flow regime? 

Project Benefits 
Geothermal resources have an important role to play in helping California meet its goal of 
increasing procurement from renewable energy resources to 33 percent by 2020. This collection 
of documents was intended to be a template for further studies concerning other resource areas 
within California. Developing such a library of data resources for all of California’s geothermal 
resource areas would provide an information base that could be used to efficiently plan and 
carry out research that could reduce risk when considering further geothermal resource 
development in California. 

 

. 
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CHAPTER 1:  
Assessing Geothermal Resources 
Gawell (2006) compiled estimates of the magnitude of many geothermal resource systems in 
California. These are reproduced in Table 1. As pointed out by Gawell, the range in estimates is 
substantial, resulting in significant uncertainty and confusion as to the ultimately available 
energy that could be produced using geothermal resources. The disparate results are due to 
several factors. These factors include: 

1. Different mathematical approaches to estimating resource size 
2. Different databases used to estimate resource size 
3. Different intended uses for results of the assessment 
4. Different purposes for undertaking assessments 
5. Contrasting definitions of resource base, resource and reserves. 

In addition, discussions with researchers have emphasized the need to have a recognized 
repository of data from which a consistent approach to resource assessment can be developed – 
the problem repeatedly was noted that it is not possible to achieve consensus regarding 
resource magnitude in the absence of commonly available and accepted data.  

Table 1: Resource Estimates from Indicated Sources for California KGRAs 

Location 

USGS 

Circular 

790 

(MW) 

Petty 
et al, 
1992 
Low 
(MW) 

Petty 
et al, 
1992 
High 
(MW) 

DOE  
Data 
(MW) 

EIA-
2005 
Data 
(MW) 

GeothermE
xMost-likely 

(MW) 
WGA 
2006 

        

Border 31      30 

Brawley 640 150 640 600 600 326 738 

Buckeye HS 
90<T<150°C  250 1270 985 985   

Calistoga 
90<T<150°C      25 30 

Clear Lake 
Volcanic Field 
area 

900 500 900 900 400 43 70 

Coso area 650 650 1000 750 495 75 225 
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Location 

USGS 

Circular 

790 

(MW) 

Petty 
et al, 
1992 
Low 
(MW) 

Petty 
et al, 
1992 
High 
(MW) 

DOE  
Data 
(MW) 

EIA-
2005 
Data 
(MW) 

GeothermE
xMost-likely 

(MW) 
WGA 
2006 

Dunes 
90<T<150°C      11 10 

East Mesa 360 360 500 460 326 86 150 

Glamis 
90<T<150°C  275 680 680 680 6.4 10 

Heber 650 250 500 350 213 42 70 

Honey Lake, 
Wendell & 
Amidy 

     7.1 20 

Kelly HS 
90<T<150°C  300 3000 1740 1740  10 

Lassen 
National Park - 
Vapor 
dominated 

 116 350 350 350   

Long Valley 
(HT)  500 1600 200 200  360 

Long Valley 
caldera (LT) 2100 250 750 200 150 71  

Medicine Lake  500 3000 400 153 304 960 

Morgan 
Springs-
Growler 
Springs 
(includes parts 
of Lassen not 
in Park) 

116      50 

Mount Signal      19 50 

Niland      76 225 

Randsburg 
area 84 25 250 250 250 48 50 

Salton Sea 
area 3400 500 3000 1500 407 1400 2860 



6 

 

Using an independent probabilistic approach, and distinguishing between resources that are 
currently identified and those that have yet to be identified (a statistical approach for taking 
into account the likelihood of discovering new underground resources), Williams et al. (2008) 
have developed estimates of the available resource potential. These values are associated with 
the statistical certainty of the estimate. A summary of these results, as they relate to California, 
is presented in Table 2. 

Table 2: Total Resource Estimates Based on Williams et al. (2008) Methodology 

Identified (MWe) Undiscovered (MWe) 

95% 50% Mean 5% 95% 50% Mean 5% 

2,422 5,140 5,404 9,282 3,256 9,532 11,340 25,439

 

Location 

USGS 

Circular 

790 

(MW) 

Petty 
et al, 
1992 
Low 
(MW) 

Petty 
et al, 
1992 
High 
(MW) 

DOE  
Data 
(MW) 

EIA-
2005 
Data 
(MW) 

GeothermE
xMost-likely 

(MW) 
WGA 
2006 

Sespe HS 
90<T<150°C  125 660 555 555 5.3  

Sulphur Bank 
Mine (Hot 
Bolata) 

75     43  

Superstition 
Mtn.      9.5 50 

Surprise Valley 
/ Lake City 1490 250 1490 850 850 37 75 

The Geysers 1610     550 450 

Wendell 
90<T<150°C  250 650 650 613 1.9  

Westmorland 1710 50 1710 350 350  150 

Wilbur HS 
90<T<150°C  500 2800 400 400   

Truckhaven       75 

Mount Shasta       360 

TOTAL 
California 13716 5801 24750 12170 9717 3186.2 7078 
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This table makes clear that differences in resource estimates are commonly in excess of a factor 
of 5. Such large differences impede the ability to establish clear policy goals regarding the use of 
geothermal energy.   A purpose of this report is to assemble information that can serve as a 
reference compilation of literature and data for further studies. Presented below is a 
compilation that considers data for the Long Valley caldera region of California. This region 
was selected for consideration because it is well studied and is geographically well defined. The 
organization of information presented here can be used as a template for other data compilation 
activities for the state’s other geothermal resource areas. 
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CHAPTER 2:  
Data Compilation – The Bibliography 
A systematic compilation of all published references was generated as the initial step in 
assembling a database. To compile the bibliography, an extensive literature review was 
performed by electronic search. The topic areas covered were:  geochemistry; geochronology; 
gravity; heat flow; magnetics and magneto‐tellurics; remote sensing; seismicity; surface 
processes; and tectonics.  For each topic area, publications were assembled in chronological 
order and are current through December, 2010. Because some papers and reports covered 
multiple topics, duplication of some references occur in separate topic areas.  There was no 
attempt to eliminate the duplication, since there were no legitimate criteria for deciding how to 
select a single topic area for such multi‐disciplinary studies. The literature contained in this 
bibliography include papers published in peer reviewed scientific journals, state and federal 
government reports, and reports from professional organizations.  

In all cases, the database from which the publication was obtained is indicated. Also included 
for many of the reports are brief abstracts and the reference source.  The bibliography 
represents the most complete compilation of references for a single KGRA ever published, and 
is a unique resource. 

2.1 Data Summary  
The remainder of this report provides a summary of the types of data relevant for conducting 
resources assessments in general, using the Long Valley caldera setting as an example. The 
information that is presented is that which has been reported in relatively recent, peer‐reviewed 
scientific journals. In toto, this summary is intended to provide a conceptual framework useful 
for envisioning the characteristics of this specific geothermal resource. Such a framework is 
important in order to carry forward further scientific research that can provide a more highly 
constrained, rigorous estimate of the magnitude of this particular resource. However, it must be 
emphasized that the interpretations presented in each topic area are not intended to be a 
comprehensive review of the current state‐of‐knowledge regarding the LVC. Rather, they are 
provided as an example of interpretations that have been published, as a means of illustrating 
the current level of understanding for the respective subject area. 

A summary of data can be accessed on the web at:  

http://www.arcgis.com/**explorer/?open=**be58187a67b448368ba9028 

This website provides interactive capability to view certain aspects of the geology, water 
chemistry, well data and other useful information. It is not intended to be a comprehensive 
summary of all available data. Rather, it is intended as an introduction useful for more detailed 
exploration of the available research results published in the literature that is listed in the 
accompanying bibliography.  



9 

2.1.1 Geology 
The Long Valley caldera is a volcanic edifice that developed between 4 million years ago and 
the present day (Bailey and others, 1976, 1989; Metz and Mahood, 1985; Hildreth, 2004). The 
surface distribution of rock types in this region is shown in Appendix 1.  

The main surficial expression of this volcanic system is the caldera that formed as a result of 
massive collapse of the volcanic center during and after eruption of the Bishop Tuff 760,000 
years ago (Bailey and others, 1976). After eruption of the Bishop Tuff, episodic eruptions and 
other volcanic processes (e.g., dome formation, moat collapse, etc.) continued to modify the 
caldera, including moat eruptions as young as 50,000 years (Mahood and others, 2010). Since 
that time, numerous eruptive events have resulted in a series of volcanic features to the west 
and north of the caldera, forming the Mono‐Inyo volcanic chain, some of which are as young as 
a few hundred years (Bursik & Sieh, 1989). The subsurface magmatic activity that has fed these 
volcanic features is the underlying energy source for the Long Valley caldera geothermal 
system. The attached Long Valley Field Trip Guide (Suemnicht, 2011) provides an excellent 
summary of the geology, history and description of features in the region. 

Various authors have developed cross‐sectional models of the caldera system, as it exists today. 
Figure 1, a cross section modified from Hill and others (1985), presents an interpretation of the 
main elements of the structural characteristics of the caldera system. The most prominent 
feature is the magma chamber, which occupies a large volume at depths inferred to be as 
shallow as 5 km beneath the surface of the caldera. The shallowest region is believed to be 
below Casa Diablo, which is the location of the existing geothermal power complex.  

The geothermal activity has evolved over time, and probably during two distinct periods. 
Hydrothermal activity and associated mineral alteration was extensive during the time period 
between 300,000 years ago and 130,000 years ago (Sorey and others, 1991). The location and 
extent of the current hydrothermal activity, which is concentrated around the southern and 
eastern margins of the central resurgent dome, probably dates from about 40,000 years ago. 
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Figure 1: Geological Cross Section, Modified from Hill et al., 1985. 

 
 

2.1.2 Tectonics 
The Long Valley caldera is located at the western edge of the Basin and Range tectonic province. 
It is in an environment of transtensional stress resulting from interaction of the North American 
and Pacific plates ( Dixon and others, 2000; Faulds, 2004; Hill, 2006). This environment, in which 
thinning of the continental crust occurs during extensional deformation, is favorable for 
upwelling of subcontinental hot mantle, which leads to the generation of a wide range of melts, 
some of which reach shallow crustal levels and support surface volcanic activity. The Long 
Valley caldera is the locus of such activity along the eastern edge of the Sierra Nevada. 

Current plate tectonic motions will persist for millions of years, which implies the Long Valley 
region will remain an area in which tectonic activity will persist. As such, it is likely to remain a 
region in which geothermal activity will be manifest for the foreseeable future. 
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2.1.3 Seismicity 
Seismic activity in the Long Valley caldera is common, reflecting the current tectonic setting. Up 
to date reports on present day seismic activity can be retrieved at the U.S. Geological Survey 
website (http://volcanoes.usgs.gov/observatories/calvo/calvo_activity_update_last10.html). 
Seismicity in this area generally reflects the fact that this location is geologically complex. The 
area is part of the transtensional Basin and Range tectonic domain, as noted above. This 
environment can experience seismic activity related to such a stress regime, resulting in 
earthquakes that occur in response to a variety of slip mechanism, including transcurrent, 
strike‐slip and dip‐slip movement. Superimposed on this stress system are the effects resulting 
from the presence of an active magma system. Most seismic activity is of very low magnitude 
(generally less than 3.0) and has a recurrence interval of days to weeks. Rarely, magnitude 6.0 
earthquakes have occurred on the eastern edge of the Sierra Nevada in the area south of the 
caldera (Prejean et al., ****).  

Independent of this seismic activity, which is an expression of regional scale stresses imposed 
by the overall tectonic environment, are seismic events related directly to movement of magma 
in the subsurface, and adjustments of the geological edifice around the magma chamber to these 
movements. Swarms of earthquakes, probably related to movement of magma, have occurred 
episodically for decades. Indicated in Figure 1 is the location of a well‐located swarm of 
earthquakes that occurred in January of 1983 (Hill and others, 1985). Similar events, scattered 
throughout the southern reaches of the caldera, have been recorded repeatedly (for example, 
Newman and others, 2001). This activity is likely to continue until the magma body is no longer 
active (a period of time that is expected to persist into the future). 

2.1.4 Surface Processes 
Movement of magma in the subsurface can lead to local changes in land elevation. Newman 
and others (2001) provide a detailed description of surface deformation associated with seismic 
activity in the period between 1997 and 1998. They note that surface elevation changes of a few 
cm/year occurred in some regions of the caldera. Similar movements are likely to continue as 
long as the magma chamber is active. As with the seismicity, much of this change in surface 
elevation is localized in the southern reaches of the caldera. 

Surface features also reflect tectonic events. As is clear from the geological map in Appendix 1, 
faulting is common in the Long Valley region. This faulting reflects the regional tectonic 
environment, which is transtensional in this western edge of the Basin and Range tectonic 
province, as well as the consequence of caldera formation during and after eruption of the 
Bishop Tuff. The surface topography in the region is a direct reflection of these features. 
2.1.5 Geochronology 
The timing of volcanic events has been delineated primarily through radiometric dating.  
Figure 2, derived from data published by Dalrymple and others (1965), Doell and others, 1966, 
Dalrymple (1967), Huber and Rinehart (1967), Bailey and others (1976), Metz and Mahood 
(1985), Bailey (2004) and Hildreath (2004) shows the main events associated with construction of 
the present day caldera system. These results clearly indicate that the magmatic system has 
been active for nearly 2 million years, and shows no sign of imminent termination.  
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The clear history of episodic volcanism up to the present day clearly indicates that magma is 
present at depth. Indeed, in the 1989‐1990 period, kill‐off of trees along the western edge of the 
caldera due to release of large volumes of CO2 was certainly related to magmatic activity at 
depth, possibly associated with magma movement and/or replenishment of the magma in the 
magma chamber. By implication, the energy available for generating electricity from this 
resource is substantial and being replenished via natural processes.  

Figure 2: Age (in millions of years) of Volcanic Rocks Associated with the Long Valley Eruptive 
History.  

 
Specific eruptive periods associated with specific volcanic sequences are separated for clarity of 
presentation. 



13 

 

2.1.6 Heat Flow 
The amount of heat available for energy generation is commonly heterogeneously distributed in 
geothermal systems. This condition is due to a variety of processes, including where heat 
sources are concentrated, and how fluids in the subsurface migrate through permeable regions. 

Figure 3: Heat flow (in mW/m2) in the Long Valley caldera (caldera edge indicated by heavy solid 
line), Based on Borehole Data.  

 
The star indicates the location of the Casa Diablo power plant complex, and the M-1 borehole. Boreholes 
44-16 and 66-29 (depicted in Figure 5) are also shown. Modified from Blackwell (1985). 
 

Shown in Figure 3 is a heat flow map, modified from Blackwell (1985). The highest heat flow 
region lies in the south‐central part of the caldera, where heat flow exceeds 2 watts/meter2. The 
Casa Diablo power plant complex lies on the western edge of this thermal dome.  

The temperature profiles of four boreholes from different areas in the caldera (Figure 4) show a 
characteristic non‐linear temperature distribution as a function of depth. In all four examples, 
temperature gradients at shallow depths (<500 meters) are very high, exceeding 100oC/km. At 
greater depths, the temperature profile becomes nearly isothermal for a few hundred to nearly 
2,000 meters. Such thermal profiles are typical of systems in which complex flow patterns in the 
hydrological system are affecting the subsurface temperature distribution. The actual flow 
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regime, however, cannot be directly determined solely on the basis of the temperature profiles. 
Even so, the consistent deflection of the isotherms is consistent with a model in which the 
hydrological system has a significant flow component that transfers water from the Sierra 
Nevada in the west into the caldera to the east. Variations in water chemistry (discussed below) 
are consistent with this model. 

Figure 4: Temperature as a Function of Depth for Three Boreholes in the Caldera (from Glassley, 
2010).  

 
The borehole identifier is indicated, and can be associated with specific boreholes in Figure 4. For 
reference, linear temperature gradients of 20oC/km, 30oC/km and 40oC/km are shown for reference. 
 

2.1.7 Magnetics and Magneto-Tellurics 
Assessing the magnitude of a geothermal resource includes, in part, determining the flow 
regime (flow pathways and flow volumes) that controls heat transport in the subsurface. Since 
fluids are often solvents, transporting ionic dissolved species, they act as natural electrical 
conductors, which also means that they are detectable as magnetic anomalies. Similarly, clay 
minerals and other secondary alteration products that form as a result of fluids interacting with 
rock can exhibit electrical and magnetic signatures due to their inherent crystallographic and 
chemical properties. 
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Surveys conducted using magnetic and magneto‐telluric methods have the potential to map in 
the subsurface the distribution of conductive zones and magnetic anomalies. High‐resolution 
surveys thus provide the ability to map alteration zones and flow pathways. Although difficult 
to interpret without additional subsurface data, such as core analyses or other subsurface data, 
locating detectable electrical or magnetic anomalies can identify potentially important target 
areas for further study. As part of a Master of Science program, Maia Adrienne Kostlan at the 
University of California, Davis, has been conducting a high resolution magneto‐telluric survey 
in the south‐eastern resurgent dome and Hot Creek areas. This research is focused on 
deciphering the permeability structure that controls hydrothermal flow. 

The Kostlan magneto‐telluric (MT) study consists of 35 stations across the south‐eastern 
resurgent dome toward Hot Creek, as well as stations south and east of Hot Creek hot springs 
(Figure 5). The station locations were restricted to lower elevations to increase the chances of 
sampling the deeper aquifer.  Both natural (low frequency) and high, artificial frequency 
(transmitted by the antenna) sources were used to calculate the resistivity values at depth.  The 
lower frequencies penetrate deeper into the earth as they attenuate slower than high 
frequencies, which attenuate rapidly, but have higher resolution in the shallow subsurface.  By 
coupling the low and high frequency readings, it is possible to obtain high resolution of 
resistivity values in the shallow subsurface and greater understanding of the resistivity 
anomalies at depth across our survey. Two‐ and three‐dimensional inversion routines were 
used to solve for complex laterally heterogeneous structures.  

Figure 5: Map showing the Locations and Station Numbers of All Stations Completed in the 
Magneto-Telluric Field Study. 
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Results to date, using Matlab® graphics tools, indicate that the average resistivity values in the 
east‐west direction are much higher than in the north‐south direction (Figure 6), suggesting the 
north‐south direction is more conductive, which is in agreement with the preferred fault 
orientation in the region.  In order to identify the resistivity anomalies that may indicate 
hydrothermal flow and/or alteration, zones of low resistivity, which are indicated by the cooler 
(blue) colors (Figures 7 and 8) are mapped.  The regions outlined in Figures 7 and 8 are zones of 
high resistivity, or low conductivity, which may be greatly affecting the direction of subsurface 
fluid flow. The notable regions to study are the north‐west region (stations 1‐3, 7‐10, and 28‐31) 
where the subsurface fluid flows from the resurgent dome (displaying both low and high 
resistivity zones), and the eastern section (stations 11‐17 and 35) as the fluid both reaches the 
surface and continues in the subsurface toward Crowley Lake. Further analysis of the data 
using filtering and inversion techniques will better refine these analyses.  
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Figure 6: The Models of the Calculated Low Frequency Resistivity Values in the North-South (a) 
and the East-West Direction (b).  

 

 

 
 

Note the vast difference in scale between the two orientations; the north-south orientation has much lower 
resistivity values than the east-west direction, indicating the north-south is more conductive than the east-
west orientation.   

 

These results expand those of previous studies (such as Park and Torres-Verdin, 1988; Pribnow, 
et al., 2003; Onacha, 2006) by providing higher resolution information regarding the variability 
in subsurface properties that will influence the hydrological regime.  

 

a 

b 
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Figure 7: Sections, in Map View, at 100m Depth, (a) North-South Low Frequency and (b) East-West 
Low Frequency.   

 

 

 
 

The regions of interest for comparison between the two orientations are outlined in purple and green in 
both; the orange outlined region in the east-west is important, as it is not present in the north-south. 

 

 

 

 

a 

b 
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Figure 8: Saturated (Exaggerated by Adjusting the Maximum Resistivity Values Displayed) 3D 
Models of the Low Frequency Resistivity Values in the North-South (a) and East-West (b) 

Directions.   

 

 
The outlined purple region is a higher resistivity zone that was not obvious until the resistivity scale was 
adjusted. 

2.1.8 Gravity 
Measurement of the gravity field provides information about the distribution of mass in the 
subsurface. Although such measurements can be inverted to produce models of distribution of 
rock types, they seldom provide unique descriptions since a large number of models can be 
generated that fit the measured gravity values. However, when coupled with reasonable 
constraints from measured or inferred rock densities, the depth, thickness and lateral extent of 
various rock bodies can be determined. Shown in Figure 9 are cross sections showing the likely 
distribution of key rock types in the Long Valley caldera region, based on gravity surveys 
reported by Carle (1988). These results are consistent with those shown in Figures 1 and 3 with 

a 

b 
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respect to the likely depth and lateral extent of the magma body that is the heat source for the 
geothermal system.  

Figure 9: North-South (Upper Figure; North to the Right) and East-West (Lower Figure; East to the 
Left) Cross Sections of Modeled Rock Types from the Surface to a Depth of 17 Kilometers 
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The distribution of volcanic debris erupted after caldera formation (labeled “Caldera fill”) and likely magma 
bodies are indicated. Modified from Carle (1988). 

 
 



21 

2.1.9 Remote Sensing 
The use of airborne and satellite capabilities to map the distribution of surface elevation 
changes is a useful means for identifying active areas that may be related to near‐surface 
thermal sources or crustal‐scale deformation. Both types of deformation are important for 
identifying potential areas of development interest, or regions where care must be exercised in 
developing resources due to the potential for structural damage. 

Shown in Figure 10 are changes in surface elevation over the time period from 1992 through 
2000 measured using Small Baseline Subset (SBAS) Differential Interferometric Synthetic 
Aperture Radar (DInSAR). This technique allows small changes in surface elevation over time 
to be measured using satellite data, but has the limitation of providing only partial areal 
coverage, due to constraints placed on the analysis technique by the requirements of the 
algorithm. 

Figure 10: Elevation Changes over Time in the Long Valley Caldera Region 

 
Modified from Berardino et al. (****). 
 

The results indicate that substantial increases in elevation are centered within the caldera area. 
Although there are numerous mechanisms that can explain this history, inflation of the caldera 
by invasion of magma into the caldera magma chamber is one possibility that is consistent with 
the recent geological history of the region. 
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2.1.10 Geochemistry 
Geochemistry, in the form of water analyses from springs and gas analyses from fumaroles can 
provide important in sight into the characteristics of a geothermal resource. Water chemistry is 
particularly useful for deriving source temperatures while gas analyses, particularly isotopic 
characteristics, allow identification of magma sources and conditions. 

Analysis of water chemistry from springs to the south and southeast of the Resurgent Dome 
imply reservoir temperatures ranging from 200oC to 280oC (Mariner and Wiley, 1976; Sorey and 
others, 1978 and 1991). These temperatures are generally higher than those observed in wells 
such as those depicted in Figure 4. This suggests that the source region for the fluids sampled 
for water chemistry has not yet been sampled by wells drilled thus far. Further exploration 
could elucidate the thermal source regions. 

These temperatures are well suited for geothermal power production, and suggest that this part 
of the caldera could support power production significantly beyond that currently provided by 
the Casa Diablo power generation facility. This is particularly true given that the wells drilled 
thus far generally do not intersect flow fields that achieve such temperatures. 

Variations in gas chemistry indicate the behavior of the system is influenced by both magmatic 
events and hydrothermal properties of the system. Episodic increases in the ratio of 3He/4He 
occur in temporal association with seismic activity that appears to be related to magma 
movement. This suggests that this ratio reflects input of magma to the reservoir system. 
Decreases in 3He/4He appear to be associated with spring thaw, which implies input to the 
hydrological system from spring melt and runoff from the Sierra Nevada to the west. Variations 
in CO2 emissions, occasionally sufficient to affect vegetation, have also been noted with these 
events (Hilton, 1996; Sorey et al., 1998).  
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CHAPTER 3:  
Conclusions 
Assessing a geothermal resource requires access to a broad range of scientific data derived from 
multiple disciplines. Assembling that information in a way that allows more efficient and rapid 
analysis was the goal of this project. In so doing, it is possible to provide an overview of the 
state-of-knowledge, which this document and supporting material provide. These assembled 
data demonstrate that the main features of the Long Valley caldera system were established 
during a cataclysmic eruption around 760,000 years ago. Seismic, geochemical, and geophysical 
data demonstrate that the system continues to be an active magmatic system. Replenishment of 
the magma chamber by new volumes of magma appears to have been responsible for a variety 
of seismic, geomorphological and geochemical events in the 1980s-2000s. Such activity indicates 
that this geothermal resource, which currently has only the Casa Diablo power production 
facility operating, has the potential to provide much more geothermal power.  

To better resolve the power production potential of this region, several key research areas need 
further support and effort. Some of these questions are: 

6. What is the three dimensional geometry of the flow field that maintains the elevated 
subsurface temperatures? 

7. What is the recharge area and rate for the flow system and how does it vary seasonally? 
8. What is the precise geometry of the magma body and associated small magmatic 

intrusions (i.e., dikes) that affect the local temperature field? 
9. What is the subsurface pattern of permeability distribution and what controls it? 
10. How does the system of faults affect the flow regime? 

Further research targeting these and other questions regarding the geological characteristics of 
this system could help reduce uncertainty regarding the available geothermal resource in this 
region. 
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PREFACE 
 
The Long Valley Caldera Bibliography is the first in a series of bibliographies intended to 
collect all reference material on individual geothermal resource areas in the state of 
California. The purpose of this undertaking is to provide ready access to the entire 
scientific literature for a region. By doing so, research and development time can be 
reduced, and thorough review of the literature for any topic area can be enhanced. 

 
The bibliography is organized by subject matter. The subject matter areas considered 
were: Geochemistry, Geochronology, Gravity, Heat Flow, Magnetics, Remote Sensing, 
Surface Processes, Seismicity, Tectonics and Volcanism. Electronic searches using these 
keywords were compiled into a single document. Because some papers and reports 
covered multiple topics, duplication of some references occurs. We did not attempt to 
eliminate the duplication, since there were no legitimate criteria for deciding how to 
select a single topic area for such multi-disciplinary studies. 

 
The literature contained in this bibliography include papers published in peer reviewed 
scientific journals, state and federal government reports, and reports from professional 
organizations. In all cases, the database from which the publication was obtained is 
indicated. Also included are brief abstracts and the reference. 

 
For each topic area, publications are listed in chronological order. The bibliography is 
current to December, 2010. 

 
Support for this research was provided by the California Energy Commission. 
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GEOCHEMISTRY BIBLIOGRAPHY 
 
 
 
 
 

1. Database   ProQuest Deep Indexing: Earth 
 

Title   Geology, geochronology, and geochemistry of the Miocene - Pliocene Ancestral Cascades arc, northern Sierra Nevada,  
California and Nevada: The roles of the upper mantle, subducting slab, and the Sierra Nevada lithosphere 

 
Author   Cousens, Brian ;  Prytulak, Julie; Henry, Christopher ;  Alcazar, Al;  Brownrigg, Tim 

 
Affiliation    Department of Earth Sciences, Carleton University, 1125 Colonel By Drive, Ottawa, Ontario K1S5B6, Canada 

 
Source   Geosphere [Geosphere]. Vol. 4, no. 5, pp. 829 -853. Oct 2008. 

 
Abstract   The assemblage of ca. 28-3 Ma volcanic rocks exposed in the Lake Tahoe -Reno region of the northern Sierra Nevada, United 

States, is interpreted to be part of the Ancestral Cascades volcanic arc. The volcanic rocks are commonly highly porphyritic, 
including abundant plagioclase with clinopyroxene, amphibole, and rare biotite, and range from basaltic andesite to dacite 
in composition. Less common are poorly phyric, olivine - and clinopyroxene -bearing basalts and basaltic andesites. 
Porphyritic lavas dominate composite volcanic centers, whereas the poorly phyric lavas form isolated cinder cone and lava 
flow complexes. Tahoe -Reno arc lavas are calc- alkaline, enriched in the large ion lithophile elements but depleted in Nb and  
Ta relative to the light rare earth elements, and have highly variable radiogenic isotopic compositions. Compared to the 
modern south Cascade arc, Tahoe -Reno region basalts are enriched in the light rare earth and large ion lithophile elements 
and have higher 87Sr/86Sr and lower 143Nd/144Nd  that are consistent with an old, subduction -modified lithospheric 
mantle source, such as that proposed for lavas of the Western Great Basin. Melting of the lithospheric mantle may be 
enhanced by fluid flux from the subducting slab if the Juan de Fuca slab dip is shallow. Andesites and dacites evolved from 
basaltic magmas by a combination of fractional crystallization and assimilation of lower crustal melts. Available 
geochronological data indicate that the westward sweep of Cenozoic volcanism through Nevada was associated with 
steepening of the slab dip, but the dip angle was lower during Miocene-Pliocene  arc volcanism than it is today beneath the 
modern south Cascades. 

 
Article Geographic Terms USA, California, Sierra Nevada Mts.; USA, Nevada; USA, California; USA, Great Basin 

 
Publisher   Geological Society of America, 3300 Penrose Place 

 
Publication Type   Journal Article 

 
Publication Year 

2008 
 

Accession Number   8919904 
 
 

2. Database GeoRef 
 

Title   Dynamic magma systems, crustal recycling and alteration in the Central Sierra Nevada Batholith; the oxygen 
isotope record 

 
Author   Lackey, Jade Star ;  Valley, John W;  Chen, James H;  Stockli, Daniel F 

 
Affiliation    Pomona College, Geology Department, Claremont, CA, United States (USA) 

 
Affiliation   University of Wisconsin-Madison,  United States (USA); California Institute of Technology, United States (USA); 

University of Kansas, United States (USA) 
 

Source   Journal of Petrology, vol. 49, no. 7, pp.1397-1426, Jul 2008 
 

Resource Location   http://petrology.oxfordjournals.org/ 

Publisher   Oxford University Press, Oxford, United Kingdom (GBR) 
 

Abstract   Values of delta (super 18) O of zircon from the central Sierra Nevada batholith (SNB), California, yield fresh insight into the 
magmatic evolution and alteration history of this classic convergent margin batholith. Direct comparison of whole-rock and zircon 
(Zrc) delta (super 18) O provides evidence for modest (0.5ppm), but widespread, alteration, which has complicated interpretation in 
previous whole-rock delta (super 18) O studies. Four discrete belts of delta (super 18) O values are recognized in the central Sierra. 
A small belt of plutons with relatively low delta (super 18) O(Zrc) values (5.2-6.0ppm) intrudes the foothills, with a sharp increase 
of delta (super 18) O revealing the concealed Foothills Suture; high delta (super 18) O(Zrc) values (7.0-8.5ppm) dominate the rest of 
the western SNB. East of the axis of the Sierra, delta (super 18) O is distinctly lower (6.75-5.75ppm),  and decreases monotonically 
to 
the Sierra Crest. A sharp 1ppm increase of delta (super 18) O in the eastern Sierra reveals a second crustal boundary, with the fourth 
belt hosted in high-delta (super 18) O North American crust in the White Mountains and Owens and Long Valleys. Correlated O, Sr, 
and Pb isotope ratios reveal differences in magma generation between the western and eastern Sierra. The western Sierra experienced 
massive crustal recycling, with substantial melting and mobilization of accreted oceanic and volcanic arc rocks; crustal contamination 
affects many western SNB plutons. In contrast, the eastern Sierra was dominated by voluminous recycling of the lithospheric mantle 
and lower crust, with minimal crustal contamination.  Batholith-wide shifts in delta (super 18) O occur between pulses of Cretaceous 
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magmatism that may be linked to tectonic reorganizations of magma sources. Within intrusive suites, delta (super 18) O may be 
unchanged (Tuolumne); increase (Sonora and Whitney); or decrease (Sequoia and John Muir) with time. These trends show stable 
long-lived sources, or those where recycling and contamination may increase or decrease with time. Overall, 
delta (super 18) O reveals diverse magma system behavior at a range of scales in the Sierran arc. 

 
Publication Year   2008 

 
Publication Type   Serial; Analytic 

 
Country of Publication   United Kingdom (GBR) 

 
Accession Number   2009-094053 

 
 

3. Database   GeoRef 
 

Title    Geochemical correlation and  (super 40) Ar/  (super 39) Ar dating of  the  Kern River ash  bed  and  related tephra layers;  
implications for the stratigraphy of petroleum- bearing formations in the San Joaquin Valley, California 

 
Author   Baron, Dirk; Negrini, Robert M;  Golob, Elizabeth M;  Miller, Don ;  Sarna -Wojcicki, Andrei M;  Fleck, Robert J;  Hacker, Bradley; 

Erendi, Alex 
 

Affiliation   California State University at Bakersfield, Department of Physics and Geology, Bakersfield, CA, United States (USA) 
 

Affiliation    U. S. Geological Survey, Earth Surface Processes Team, United States (USA); California State University at Fullerton, United 
States (USA); University of Waikato, New Zealand (NZL); Bankers Petroleum, United States (USA); U. S. Geological Survey, 
United States (USA); University of California at Santa Barbara, United States (USA); Chevron Corporation, United States (USA) 

 
Monograph Title   Global tephra studies; John Westgate and Andrei Sarna -Wojcicki commemorative volume 

 
Editor   Froese, Duane G; Slate, Janet L; Knott, Jeffrey R; Lowe, David J 

 
Affiliation    University of Alberta, Department of Earth and Atmospheric Sciences, Edmonton, AB, Canada (CAN) 

 
Source   Quaternary International, vol. 178, pp.246-260, Feb 2008 

 
Resource Location   http://www.sciencedirect.com/science/journal/10406182 

 
Publisher   Elsevier, Oxford, United Kingdom (GBR) 

 
Abstract   The Kern River ash (KRA) bed is a prominent tephra layer separating the K and G sands in the upper part of the Kern River 

Formation, a major petroleum-bearing  formation in the southern San Joaquin Valley (SSJV) of California. The minimum age of 
the Kern River Formation was based on the tentative major -element correlation with the Bishop Tuff, a 0.759+ or -0.002 Ma 
volcanic tephra layer erupted from the Long Valley Caldera. We report a 6.12+ or -0.05 Ma (super 40) Ar/ (super 39) Ar date for 
the KRA, updated major -element correlations, trace-element correlations of the KRA and geochemically similar tephra, and a 6.0+ 
or -0.2 Ma (super 40) Ar/ (super 39) Ar age for a tephra layer from the Volcano Hills/Silver Peak eruptive center in Nevada. Both 
major and trace-element correlations show that despite the similarity to the Bishop Tuff, the KRA correlates most closely with 
tephra from the Volcano Hills/Silver Peak eruptive center. This geochemical correlation is supported by the radiometric dates 
which are consistent with a correlation of the KRA to the Volcano Hills/Silver Peak center but not to the Bishop Tuff. The 6.12+ 
or -0.05 Ma age for the 
KRA and the 6.0+ or -0.2 Ma age for the tephra layer from the Volcano Hills/Silver Peak eruptive center suggest that the upper age 
of the Kern River Formation is over 5 Ma older than previously thought. Re-interpreted stratigraphy of the SSJV based on the new, 
significantly older age for the Kern River Formation opens up new opportunities for petroleum exploration in the SSJV and places 
better constraints on the tectonostratigraphic development of the SSJV. 

 
Publication Year   2008 

 
Publication Type   Serial; Analytic 

 
Country of Publication   United Kingdom (GBR) 

Accession Number   2009-065592 
 
 
 

4. Database   GeoRef 
 

Title   Allanite and chevkinite as absolute chronometers of rhyolite differentiation 
 

Author   Vazquez, Jorge A 
 

Affiliation   California State University, Northridge, Department of Geological Sciences, Los Angeles, CA, United States (USA) 
 

Monograph Title   Geological Society of America, Cordilleran Section, 104th annual meeting; Geological Society of America, Rocky Mountain 
Section, 

60th annual meeting 
 

Author   Burns, Scott (chairperson);  Middleton, Larry T (chairperson);  Metcalf, Rodney V (chairperson) 
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Source   Abstracts with Programs - Geological Society of America, vol. 40, no. 1, pp.74, Feb 2008 
 

Publisher   Geological Society of America (GSA), Boulder, CO, United States (USA) 
 

Descriptors    allanite ;  chevkinite;  chevkinite group; differentiation ;  epidote group; geochemistry ; igneous rocks; magmas ;  orthosilicates ;  P - 
T 

conditions ;  phase equilibria ;  rhyolites; silicates; sorosilicates ;  volcanic rocks 
 

Abstract   Allanite [(Ca, LREE, Th) (sub 2) (Mg,Fe) (sub 3) Si (sub 3) O (sub 12) (OH)] and chevkinite [(Ca, LREE, Th) (sub 4) Fe (super 2+) 
(Al, Mg, Fe,Ti) (sub 2) Ti (sub 2) Si (sub 4) O (sub 22) ] are accessory minerals which can be particularly useful for delimiting the 
evolution of rhyolitic magmas because they often contain significant compositional zoning that is sensitive to changes in magmatic 
conditions and is amenable to geochronology due to high Th concentrations. Both minerals are relatively common in metaluminous 
rhyolites from a variety of tectonic settings, with allanite generally occurring in hosts that crystallized at lower magmatic temperatures 
than those hosting chevkinite. Reconnaissance experiments indicate that allanite saturation occurs in high-silica 
rhyolites between 
760 -770 degrees C; at > or =780 degrees C, anhydrous chevkinite replaces allanite. The compositions of allanites from rhyolites 
erupted at Long Valley, Mono Craters, and Coso, USA, and Toba, Indonesia, follow a similar compositional trend of decreasing La, 
Ce, Ti, Mg and increasing Mn, Y, and Th, which mirrors the variability of compatible and incompatible elements, respectively, during 
fractionation of rhyolitic magma containing LREE-rich phases. Single crystals of chevkinite from caldera-forming  and postcaldera 
rhyolites at Yellowstone, USA, may contain significant zoning in LREE, Th, Mg, and Y due to differentiation. However, parental  
melt compositions are difficult to calculate because partition coefficients between chevkinite and metaluminous melts are poorly  
delimited. For young chevkinites and allanites (<350 ka), the compositional variations in single crystals can be linked to absolute age  
through (super 238) U- (super 230) Th dating via ion microprobe analysis. Compositional zoning in Toba allanites records crystal  
growth from rhyolitic melts related by up to 45% fractionation, which when keyed to (super 238) U- (super 230) Th crystallization  
ages, dates the accumulation and differentiation of a voluminous silicic magma over an approximately 150,000 year interval.  
Chevkinites from postcaldera rhyolite at Yellowstone yield apparent (super 238) U- (super 230) Th ages that 1) fall within range of 
crystallization ages for coexisting zircon and 2) correlate with the compositional variations recorded by single crystals. 

 
Publication Year   2008 

 
Publication Type   Serial; Conference document; Analytic; Abstract only 

 
Country of Publication   United States (USA) 

 
Accession Number   2009-065925 

 
 

5. Database   GeoRef 
 

Title   Geological and hydrological history of the paleo- Owens River drainage since the late Miocene 
 

Author   Phillips, Fred M 
 

Affiliation   New Mexico Institute of Mining and Technology, Department of Earth & Environmental Science, Socorro, NM, United States (USA) 
 

Affiliation   Smithsonian Institution, United States (USA) 
 

Monograph Title   Late Cenozoic drainage history of the southwestern Great Basin and lower Colorado River region; geologic and biotic perspectives 
 

Editor   Reheis, Marith C; Hershler, Robert; Miller, David M 
 

Affiliation    U. S. Geological Survey, Denver, CO, United States (USA) 
 

Source   Special Paper - Geological Society of America, vol. 439, pp.115-150, 2008 
 

Publisher   Geological Society of America (GSA), Boulder, CO, United States (USA) 

Abstract   From the late Miocene to the middle Pliocene, the current drainage basin of the Owens River probably consisted of a broad, 
moderate-elevation,  low -relief plateau with radiating drainage toward the Pacific Ocean, the northwestern Great Basin (now 
Lahontan drainages), and the Mojave and Colorado drainages. This plateau probably contained shallow basins, created by an 
extensional 
pulse at 12-11 Ma, at the present locations of major valleys. Between 4 and 3 Ma, this plateau was disrupted by a rapid westward step 
of extensional Basin and Range Province tectonism, which reactivated the Miocene faults and resulted in a linear north-south valley  
(the Owens Valley) with high mountain ranges on each side. This tectonic event resulted in geographic isolation and fragmentation of 
aquatic habitats and may have been a critical driver for speciation of aquatic organisms. Subsequent to this remarkable transformation  
of the landscape, the predominant influence on aquatic habitats has been very large, climate -driven fluctuations in the regional water  
balance that have resulted in the repeated interconnection and disconnection of the various basins that make up the paleo-Owens  
system. The magnitude of these fluctuations appears to have increased markedly since the early Pleistocene. Searles Lake has 
generally been the terminus of the Owens River, but at least once, probably at ca. 150 and/or ca. 70 ka, the system overflowed into 
Death Valley. During the last interglacial (marine isotope stage 5) and the Holocene, Owens Lake has been the terminus, but 
apparently not frequently before. These very large fluctuations in the water balance undoubtedly produced 
large shifts in the nature and distribution of aquatic habitats over geologically short periods of time, as well as repeatedly creating and 
severing connections between various parts of the larger drainage basin. This dynamic hydrological system provided the setting, and 
no doubt much of the impetus, for speciation, extinction, and distribution of aquatic species within the paleo-Owens system, but any 
paleohydrological causes will have to be extracted from a complex history. 
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Publication Year   2008 
 

Publication Type   Serial; Analytic 
 

Country of Publication   United States (USA) 
 

Accession Number   2008-111786 
 
 

6. Database   GeoRef 
 

Title    On  reactive  fluid flow and  geochemical transport modeling; from natural hydrothermal systems  to  geothermal energy  
development 

 
Author   Xu, Tianfu 

 
Affiliation    Lawrence Berkeley National Laboratory, Earth Sciences Division, Berkeley, CA, United States (USA) 

 
Monograph Title   Geological Society of America, 2007 annual meeting 

 
Author   Anonymous 

 
Source   Abstracts with Programs - Geological Society of America, vol. 39, no. 6, pp.348, Oct 2007 

 
Publisher   Geological Society of America (GSA), Boulder, CO, United States (USA) 

 
Abstract   Geochemical evolution in both natural hydrothermal systems and geothermal fields occurs through a complex interplay of multiphase 

fluid and heat flow and chemical transport processes. These complexities include (1) fracture-matrix interaction for fluid, heat, and 
chemical constituents, (2) gas-phase participation in multiphase fluid flow and geochemical reactions, (3) the kinetics of fluid -rock 
chemical interaction, and (4) heat effects on thermophysical and chemical properties and processes. Reactive fluid flow and 
geochemical transport modeling is a powerful tool to get insight into these processes, to test conceptual model, and to study the 
geochemical behavior, mineral alteration, changes in porosity and permeability. Three modeling examples are used to illustrate the 
usefulness of the reactive transport modeling. The first example deals with caprock alteration in a Long Valley Caldera (LVC) 
hydrothermal system in California. The observed sequence of argillic alteration in the LVC consists of an upper zone with smectite 
and kaolinite (in the lower-temperature region), a lower illite zone, and an intermediate mixed illite and smectite zone. The sequence 
is reasonably well reproduced in the numerical simulation. The second example investigates the formation mechanism of an 
impermeable barrier between acidic and neutral fluid zones in the Onikobe geothermal field, Japan. The third studies geothermal 
injection well silica scaling and loss of porosity and injectivity at Tiwi Field, Philippines. Open challenges and future directions on 
the modeling will be discussed. 

 
Publication Year   2007 

 
Publication Type   Serial; Conference document; Analytic; Abstract only 

 
Country of Publication   United States (USA) 

 
Accession Number   2009-073444 

 
 

7. Database   GeoRef 

Title   Cosmogenic nuclide intercalibration and erosion rate study on fault scarps of the Bishop Tuff, CA, USA 

Author   Goethals, M M;  Niedermann, S ;  Hetzel, R;  Fenton, C R 
 

Affiliation   Westfaelische Wilhelms-Universitaet  Muenster, Munster, Federal Republic of Germany (DEU) 

Affiliation    GeoForschungsZentrum  Potsdam, Federal Republic of Germany (DEU) 
 

Monograph Title   Abstracts of the 17th annual V. M. Goldschmidt conference 
 

Author   Anonymous 
 

Source   Geochimica et Cosmochimica Acta, vol. 71, no. 15S, pp.A335, Aug 2007 
 

Resource Location   http://www.sciencedirect.com/science/journal/00167037 
 

Publisher   Elsevier, New York, NY, International (III) 
 

Publication Year   2007 
 

Publication Type   Serial; Conference document; Analytic; Abstract only 
 

Country of Publication   International (III) 
 

Accession Number   2008-083639 
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8. Database   GeoRef 
 

Title   Compositional zoning of the Bishop Tuff 
 

Author   Hildreth, Wes; Wilson, Colin J N 
 

Affiliation    U. S. Geological Survey, Menlo Park, CA, United States (USA) 
 

Affiliation   University of Auckland, New Zealand (NZL) 
 

Source   Journal of Petrology, vol. 48, no. 5, pp.951-999, May 2007 
 

Resource Location   http://petrology.oxfordjournals.org/ 
 

Publisher   Oxford University Press, Oxford, United Kingdom (GBR) 
 

Abstract   Compositional  data for >400 pumice clasts, organized according to eruptive sequence, crystal content, and texture, provide new 
perspectives on eruption and pre-eruptive evolution of the >600 km (super 3) of zoned rhyolitic magma ejected as the Bishop Tuff 
during formation of Long Valley caldera. Proportions and compositions of different pumice types are given for each ignimbrite 
package and for the intercalated plinian pumice-fall layers that erupted synchronously.  Although withdrawal of the zoned magma 
was less systematic than previously realized, the overall sequence displays trends toward greater proportions of less evolved 
pumice, more crystals (0.5-24 wt %), and higher FeTi-oxide temperatures (714 -818 degrees C). No significant hiatus took place 
during the 6 day eruption of the Bishop Tuff, nearly all of which issued from an integrated, zoned, unitary reservoir. Shortly before 
eruption, however, the zoned melt-dominant portion of the chamber was invaded by batches of disparate lower-silica rhyolite 
magma, poorer in crystals than most of the resident magma but slightly hotter and richer in Ba, Sr, and Ti. Interaction with resident 
magma at the deepest levels tapped promoted growth of Ti-rich rims on quartz, Ba-rich rims on sanidine, and entrapment of near - 
rim melt 
inclusions relatively enriched in Ba and CO (sub 2) . Varied amounts of mingling, even in higher parts of the chamber, led to the 
dark gray and swirly crystal-poor pumices sparsely present in all ash-flow packages. As shown by FeTi-oxide geothermometry, the 
zoned rhyolitic chamber was hottest where crystal-richest, rendering any model of solidification fronts at the walls or roof unlikely. 
The main compositional gradient (75-195 ppm Rb; 0.8-2.2 ppm Ta; 71-154 ppm Zr; 0.40-1.73% FeO (super *) ) existed in the melt,  
prior to crystallization of the phenocryst suite observed, which included zircon as much as 100 kyr older than the eruption. 
The compositions of crystals, though themselves largely unzoned, generally reflect magma temperature and the bulk compositional 
gradient, implying both that few crystals settled or were transported far and that the observed crystals contributed little to 
establishing that gradient. 
Upward increases in aqueous gas and dissolved water, combined with the adiabatic gradient (for the approximately 5 km depth range 
tapped) and the roofward decline in liquidus temperature of the zoned melt, prevented significant crystallization against the roof, 
consistent with dominance of crystal-poor magma early in the eruption and lack of any roof-rind fragments among the Bishop 
ejecta, before or after onset of caldera collapse. A model of secular incremental zoning is advanced wherein numerous batches of 
crystal- poor melt were released from a mush zone (many kilometers thick) that floored the accumulating rhyolitic melt-rich body. 
Each batch rose to its own appropriate level in the melt-buoyancy gradient, which was self-sustaining  against wholesale convective 
re- homogenization,  while the thick mush zone below buffered it against disruption by the deeper (non -rhyolitic) recharge that 
augmented the mush zone and thermally sustained the whole magma chamber. Crystal-melt fractionation was the dominant zoning 
process, but 
it took place not principally in the shallow melt-rich body but mostly in the pluton-scale mush zone before and during batchwise 
melt extraction. 

 
Publication Year   2007 

 
Publication Type   Serial; Analytic 

 
Country of Publication   United Kingdom (GBR) 

 
Accession Number   2008-000776 

 
 

9. Database   GeoRef 
 

Title   Rare sulfur and triple oxygen isotope geochemistry of volcanogenic sulfate aerosols 
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Affiliation   California Institute of Technology, United States (USA); McGill University, Canada (CAN); University of Maryland, College 
Park, United States (USA) 

 
Source   Geochimica et Cosmochimica Acta, vol. 71, no. 9, pp.2326-2343, 01 May 2007 

 
Resource Location   http://www.sciencedirect.com/science/journal/00167037 

 
Publisher   Elsevier, New York, NY, International (III) 

 
Abstract   We present analyses of stable isotopic ratios (super 17) O/ (super 16) O, (super 18) O/ (super 16) O, (super 34) S/ (super 32) S, and 

(super 33) S/ (super 32) S, (super 36) S/ (super 32) S in sulfate leached from volcanic ash of a series of well known, large and small 
volcanic eruptions. We consider eruptions of Mt. St. Helens (Washington, 1980, approximately 1 km (super 3) ), Mt. Spurr (Alaska, 
1953, <1 km (super 3) ), Gjalp (Iceland, 1996, 1998, <1 km (super 3) ), Pinatubo (Phillipines, 1991, 10 km (super 3) ), Bishop tuff 
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(Long Valley, California, 0.76 Ma, 750 km (super 3) ), Lower Bandelier tuff (Toledo Caldera, New Mexico, 1.61 Ma, 600 km (super 
3) 
), and Lava Creek and Huckleberry Ridge tuffs (Yellowstone,  Wyoming, 0.64 Ma, 1000 km (super 3) and 2.04 Ma 2500 km (super 3) 
, respectively). This list covers much of the diversity of sizes and the character of silicic volcanic eruptions. Particular emphasis is 
paid to the Lava Creek tuff for which we present wide geographic sample coverage. This global dataset spans a significant range in 
delta (super 34) S, delta (super 18) O, and Delta (super 17) O of sulfate (29 ppm, 30 ppm, and 3.3 ppm, respectively) with oxygen 
isotopes recording mass-independent  (Delta (super 17) O>0. 2ppm) and sulfur isotopes exhibiting mass-dependent behavior. 
Products of large eruptions account for most of these isotopic ranges. Sulfate with Delta (super 17) O (super 0.2) ppm is present as 
1-10 mu m gypsum crystals on distal ash particles and records the isotopic signature of stratospheric photochemical reactions. 
Sediments that embed ash layers do not contain sulfate or contain little sulfate with delta (super 17) O near 0 ppm, suggesting that 
the observed sulfate in ash is of volcanic origin. Mass-dependent fractionation of sulfur isotopic ratios suggests that sulfate-forming 
reactions did not involve photolysis of SO (sub 2) , like that inferred for pre-2.3 Ga sulfates from Archean sediments or Antarctic 
ice- core sulfate associated with few dated eruptions. Even though the sulfate sulfur isotopic compositions reflect mass-dependent 
processes, the products of caldera-forming  eruptions display a large delta (super 34) S range and exhibit fractionation relationships 
that do not follow the expected equilibrium slopes of 0.515 and 1.90 for (super 33) S/ (super 32) S vs. (super 34) S/ (super 32) S and 
(super 36) S/ (super 32) S vs. (super 34) S/ (super 32) S, respectively. The data presented here are consistent with modification of a 
chemical mass-dependent fractionation of sulfur isotopes in the volcanic plume by either a kinetic gas phase reaction of volcanic SO 
(sub 2) with OH and/or a Rayleigh processes involving a residual Rayleigh reactant-volcanic SO (sub 2) gas, rather than a Rayleigh 
product. These results may also imply at least two removal pathways for SO (sub 2) in volcanic plumes. Above -zero Delta (super 
17) O values and their positive correlation with delta (super 18) O in sulfate can be explained by oxidation by high-delta (super 18) 
O and high-Delta (super 17) O compounds such as ozone and radicals such as OH that result from ozone break down. Large caldera- 
forming eruptions have the highest Delta (super 17) O values, and the largest range of delta (super 18) O, which can be explained by 
stratospheric reaction with ozone-derived OH radicals. These results suggest that massive eruptions are capable of causing a 
temporary depletion of the ozone layer. Such depletion may be many times that of the measured 3-8% depletion following 1991 
Pinatubo eruption, if the amount of sulfur dioxide released scales with the amount of ozone depletion. 
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Title   Lead isotopes by LA - MC- ICPMS; tracking the emergence of mantle signatures in an evolving silicic magma system 
 

Author   Simon, J I;  Reid, M R;  Young, E D 
 

Affiliation   University of California, Los Angeles, Department of Earth and Space Sciences, Los Angeles, CA, United States (USA) 
 

Affiliation    Northern Arizona University, United States (USA) 
 

Source   Geochimica et Cosmochimica Acta, vol.71, no.8, pp.2014-2035,  15 Apr 2007 
 

Resource Location   http://www.sciencedirect.com/science/journal/00167037 
 

Abstract   At Long Valley (LV) model Sr isotope phenocryst ages and absolute U-Pb zircon ages from precaldera Glass Mountain (GM) and 
caldera-related Bishop Tuff (BT) rhyolites show that these crystals track >1 Myr of evolution of a voluminous rhyolite magmatic 
system. In detail, strong disparities between the different age populations complicate ideas for a unified model for rhyolite 
generation, differentiation, and storage. To better elucidate the age discrepancies a new in situ Pb isotope technique has been 
developed to measure the compositions of 113 individual LV feldspars (mainly sanidine) and their host glasses by UV laser ablation 
MC-ICPMS. Given sufficient signal the accuracy and precision of this technique approaches that of double -spike thermal ionization 
mass spectrometry. The utility of our technique for many geologic materials is, however, limited to determining Pb isotope ratios that 
include (super 206) Pb, (super 207) Pb, and (super 208) Pb, but exclude (super 204) Pb. New zircon (super 238) U- (super 206) Pb 
crystallization ages were also obtained for two older Glass Mountain domes. A >1.5 ppm difference between the Pb isotope 
compositions of feldspars from older (1.7-2.2 Ma) precaldera Glass Mountain (GM) rhyolites and younger LV rhyolites, including 
the BT, is found. The Pb isotope data for feldspars and their host glasses lie along a regional trend line between young basalts and 
evolved crust compositions, spanning approximately 15% of that isotopic difference, and show a secular change towards increasing 
mantle contribution. Most feldspars have Pb isotope compositions that are similar to their host glasses and, as such, there persists an 
apparent >100k.y. difference between Sr model feldspar ages and zircon ages for some GM rhyolites. Collectively, the feldspars 
define a Sr-Pb isotope mixing curve. Evidence for mixing complicates the interpretation that the Sr isotope data solely reflect 
radiogenic ingrowth. Where isotopically heterogeneous feldspar populations occur, there is greater uncertainty about the veracity of 
the Sr model ages. Specifically, we find no Pb isotope evidence that BT feldspars grew from older GM-like magmas. The distinct Pb 
isotope signatures for individual rhyolites and their feldspars support evidence based on zircon dating that LV volcanism did not 
erupt from a single long-lived magma chamber but rather tapped a number of different magmas. Moreover, contrary to the 
conventional model of gradual build-up prior to cataclysmic eruption, secular changes in the U-Pb age constraints on magma 
residence times and the magmas' distinct Pb isotopic compositions suggest that, at Long Valley, eruptive volumes increase with 
shorter magma 
residence time and correlate with greater mantle input. Evidently, the plumbing and therefore activity at Long Valley was 
influenced by the evolving interaction between source and crustal magma system. 
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Title    Trace- element analysis of  four  Neogene volcanic  ashes; implications for  the  stratigraphy of  petroleum- bearing formations in  
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Author   Golob, Elizabeth M;  Baron, Dirk; Negrini, Rob ;  Sarna -Wojcicki, Andrei M 

 
Affiliation   California State University at Bakersfield, Department of Physics and Geology, Bakersfield, CA, United States (USA) 

 
Affiliation   U. S. Geological Survey, United States (USA) 

 
Monograph Title   Geological Society of America, 2005 annual meeting 

 
Author   Anonymous 

 
Source   Abstracts with Programs - Geological Society of America, vol.37, no.7, pp.181, Oct 2005 

 
Publisher   Geological Society of America (GSA), Boulder, CO, United States (USA) 

 
Abstract   The Kern River ash is a prominent layer of volcanic ash separating the K and G sands of the Kern River Formation, a major 

petroleum-bearing  formation in the Southern San Joaquin Valley of California. The upper age of the Kern River Formation has long 
been based on the major -element geochemical correlation with the Bishop Tuff, a volcanic tephra layer erupted from the Long 
Valley Caldera at 0.774+ or -0.002 Myr. Recent radiometric dating of sanidine separates from the Kern River ash at 6.12+ or -0.05 
Myr has prompted a review of the geochemical correlations. Based on eight major elements determined by microprobe analysis, two 
additional possible sources for the Kern River ash have been identified. These possible sources are a 6.0+ or -0.2 Myr tephra from 
the Fish Lake valley erupted from the Volcano Hills/Silver Peak range eruptive center in Nevada and the 0.639 Myr Lava Creek B 
tephra from the Yellowstone caldera complex in Wyoming. We measured the trace element composition of two samples of the Kern 
River ash, of a Bishop Tuff sample, of a Fish Lake valley ash sample, and of four samples of the Lava Creek B tephra. Glass 
separates of the ash samples were dissolved by microwave digestion and analyzed by ICP/MS. In addition, we directly analyzed the 
glass separates by Laser Ablation ICP/MS. Similarity coefficients were calculated from both the ICP/MS and the Laser Ablation 
ICP/MS results. In addition, samples were correlated using hierarchical clustering (dendrogram) analysis and cluster diagrams of 
selected elements. With all three methods, the Kern River ash consistently correlates to the Fish Lake Valley tephra from the 6.0+ or 
-0.2 Myr Volcano Hills eruption. The present correlation and the previous dating of sanidine separates suggest a much older age of 
around 6.1 Myr for the Kern River Formation than previously thought. This new age dramatically alters our understanding  of the 
stratigraphic relationship of the Kern River Formation with other formations in the San Joaquin Valley. Re-interpretation  of the 
stratigraphy of the San Joaquin Valley may now allow correlating sands that had previously been correlated to non -productive 
formations to be correlated to the Kern River Formation, providing additional opportunities for petroleum exploration in the San 
Joaquin Valley. 
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Title   Constraints on evolution and long- term slip rates for eastern faults of the San Andreas transform boundary from 
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Abstract   In Northern California the structural evolution and long term slip rates of the right-stepping Rodgers Creek -Maacama Fault system 
during and following Neogene volcanism along the east side of the wide transform plate boundary are constrained by 
tephrochronology and (super 39) Ar/ (super 40) Ar dating, integrated with geologic mapping and aeromagnetic and gravity data. 
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Pliocene and younger slip on the Maacama Fault is constrained by offset of a geochemically distinct suite of silicic tephra deposits in 
the Sonoma Volcanics that erupted at 3.4-2.5 Ma from a caldera centered over Mount St. Helena in NW Napa Valley. (super 39) Ar/ 
(super 40) Ar ages and tephra geochemistry  show that a section of the Mount St. Helena eruptive sequence and underlying gravels 
exposed on the SW side of the Maacama Fault Zone along the Geysers-Healdsburg  Road, is offset right-laterally approximately 17 
to 
21 km from the Franz Valley area east of the fault zone, yielding a slip rate of approximately 6.0 + or - 0.7 mm/yr since approximately 
3.2 Ma. Stratigraphically high dispersed tephra in synclinally-folded fluvial deposits in the Santa Rosa area correlate with the 1.2-0.8 
Ma Bishop-Glass Mountain eruptive sequence of Long Valley. Flat -lying late Pleistocene and Holocene alluvium that overlies the 
folded strata was deposited in a pull-apart basin in the right step between the Rodgers Creek and Maacama Faults. Slip on the 
Maacama and Rodgers Creek Faults that accompanied formation of the pull-apart basin ( approximately 5 km for the Maacama 
Fault and approximately 6 km for the Rodgers Creek Fault, as indicated from basin geometry) yields a slip rate of approximately 5.3 
+ or - 
1.1 mm/yr for the Maacama Fault and approximately 6.3 + or - 1.3 mm/yr for the Rodgers Creek Fault since 1.2-0.8 Ma. Possible 
earlier slip at a slower rate on the Rodgers Creek Fault Zone is suggested by a unique sequence of volcanic and sedimentary rocks, 
including coarse rhyodacite-sourced fault scarp breccia, deposited along a strike-slip fault basin margin (Cotati Basin). Together 
with the axis of a prominent antiform, these rocks are offset approximately 28 km right-laterally along the Rodgers Creek Fault 
Zone. (super 39) Ar/ (super 40) Ar ages of the rhyodacitic rocks are approximately 7.3 to 8.2 Ma, and fluvial deposits (Petaluma 
Formation) west of the fault that overlie the fault scarp breccia include the 6.26 Ma Roblar Tuff. About 22 km of slip on the fault 
between 1.2 and 
6.3 to 7.3 Ma, yields a slip rate of approximately 4.0 + or - 0.4 mm/yr, much lower than rates since 1.2 Ma. 
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Abstract   This project was developed through two separate courses offered at Oklahoma State University (OSU) in the School of Geology and 
the Department of Plant and Soil Sciences and is an example in which faculty in different departments teaching different courses can 
provide ideas for successful undergraduate  research. Near Waynoka in NW Oklahoma, several meters of volcanic ash have been 
documented, which may have been either derived from the Long Valley Caldera in California or the Yellowstone Caldera in 
Wyoming. Both volcanoes have been shown to have deposited ash well into regions of western Oklahoma, however, little data have 
been acquired to determine exactly which volcano these sediments were derived from. One of the authors of the poster was introduced  
to this ash bed during a field trip for a Soil Genesis class. After an ash sample was collected and made into thin sections, it was 
analyzed and imaged using the OSU Electron Microprobe. Materials present in the ash include glass, sanidine, and zircon. 
Backscattered  electron images show the ash contains 100 mu m-sized vesicles and approximately 40 mu m-sized zircon grains. The 
initial goal of the study was to qualitatively identify the specific elements that are in the sample to acquire a "chemical signature" for 
the ash. From that signature, it is proposed that additional research be done on samples from each perspective source caldera to 
attempt to match this unknown ash sample. Future studies have been planned to attempt to identify the source of this ash, including 
obtaining ash from areas of Yellowstone and Long Valley and dating the zircon grains present in the Oklahoma ash beds. 
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Abstract   The effect of continental weathering on the iron isotope compositions of natural materials is investigated. Unweathered igneous 
rocks, pelagic clay, and dust fall within the range delta (super 56) Fe=0+ or -0.3ppm. Rivers with large suspended loads also have 
delta (super 56) Fe values near zero. Dilute streams have delta (super 56) Fe values that trend towards lower delta (super 56) Fe ( 
approximately -1) suggesting that dissolved riverine iron is isotopically light relative to igneous rocks. Bulk soil and soil leaches 
display systematically different delta (super 56) Fe profiles, indicating that isotopically distinct Fe pools are generated during 
pedogenesis. Nannofossil ooze, which contains Fe scavenged from the ocean water column, has delta (super 56) Fe nearly equal 0, 
but is consistent with seawater dissolved Fe having negative delta (super 56) Fe. It is inferred that continental weathering under 
modern oxidizing Earth surface conditions preferentially releases dissolved Fe with negative delta (super 56) Fe, which is 
transported in rivers to the ocean. A preliminary analysis of the marine Fe budget suggests that riverine Fe has a substantial role in 
determining the delta (super 56) Fe of both the modern and ancient oceans, but other inputs, particularly that from diagenesis of 
marine sediments, may also be important. Since the chemical pathways of Fe processing during weathering are dependent on 
oxidation 
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state and biological activity, Fe isotopes may prove useful for detecting changes in these parameters in the geologic past. 
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Abstract   Far-from-equilibrium  dissolution rates of a suite of volcanic glasses that range from basaltic to rhyolitic in composition were 

measured in mixed flow reactors at pH 4 and 10.6, and temperatures from 25 to 74 degrees C. Experiments performed on glasses 
of similar composition suggest that dissolution rates are more closely proportional to geometric surface areas than their BET 
surface areas. Measured geometric surface area normalized dissolution rates (r+ (sub ,geo) ) at 25 degrees C were found to vary 
exponentially with the silica content of the glasses. These equations can be used to estimate lifetimes and metal release fluxes of 
natural glasses at 
far -from-equilibrium  conditions. The lifetime at pH 4 and 25 degrees C of a 1 mm basaltic glass sphere is calculated to be 500 yr, 
whereas that of a 1 mm rhyolitic glass sphere is 4500 yr. Estimated nutrient release rates from natural glasses decrease 
exponentially with increasing silica content. 
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Abstract   The Long Valley Volcanic Field in east-central California straddles the East Sierran frontal fault zone, overlapping the Sierra Nevada 

and western Basin and Range Provinces. Long Valley volcanism began about 4 Ma during Pliocene time and has continued 
intermittently through the Holocene. The current (post-1980) seismic unrest at Long Valley, accompanied by uplift of the resurgent 
dome, may signal the onset of a new episode of regional extension and basalt injection into the residual magma chamber. 
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Abstract   A deuterium-calibrated  mass-balance  model was constructed for the White River Flow System (WRFS) in southeastern Nevada to 
evaluate new groundwater recharge and discharge estimates. The model was constructed using deuterium data for mountainous 
recharge areas and springs discharging from the regional flow system in the valleys. Recharge estimates were assigned to mountain 
blocks and discharge estimates were assigned to valleys. Discharge in a valley was assigned as the total spring flow measured for 
regional springs in a valley plus calculated evapotranspiration amounts for areas of phreatophytic vegetation. The model also 
accounted for mixing of groundwater recharge along the greater than 200 km length of the flow system, which encompasses  13 
valleys with 35 mountainous recharge areas and four regional spring discharge areas. Average deuterium values for recharge areas and  
spring discharge areas were used in the model. The model supports (1) new estimates of groundwater recharge and discharge for the 
WRFS, (2) proposed recharge sources and mixing for the WRFS, (3) the WRFS acting as one continuous carbonate-rock aquifer from 
Long Valley in the north to Upper Moapa Valley (Muddy River Springs area) in the south, and (4) 53,000 acre-feet per year (afy) of 
groundwater flowing out of Coyote Springs Valley to the Muddy River Springs area at the terminus of the WRFS. Of this total 
discharge, 37,000 afy is being discharged in Upper Moapa Valley and 16,000 afy is flowing out of the WRFS to the south- southeast 
in the carbonate-rock aquifers. These conclusions are supported by oxygen-18 and geochemical data. 
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Abstract   Oxygen isotopes are well suited for tracing input of supracrustal rocks into magmas during granite genesis at convergent margins. 
We present delta (super T18) O values for zircon (Zc) from 155 granitic rocks across the Mariposa 1X2 degrees sheet in the central 
Sierra Nevada batholith (SNB), whose varying age and composition allow us to track the evolution of the delta (super 18) O across 
the batholith. Comparison of delta (super 18) O(Zc) to delta (super 18) O quartz (Qt), and whole rock (WR) show Zc is most 
suitable for studying delta (super 18) O because: (1) post-magmatic  alteration has reset delta (super 18) O(Qt) approximately 0.5 per 
mil (2) Differing modes, plus crystal fractionation and alteration create variable delta (super 18) O(WR) that obscures trends in 
magmatic delta (super 18) O. Variation of delta (super 18) O(Zc) across the batholith (projected onto a SW to NE transect) reveals 
that high values (7.0-8.5 per mil) dominate the westernmost part of the batholith and decrease monotonically toward the Sr (sub i) = 
0.706 isopleth. A 0.5 per mil drop in delta (super 18) O at the 0.706 line is resolvable with Zc but not WR. East of the 0.706 line, 
delta (super 18) O(Zc) values (except Shaver Lake suite) decrease further (6.75 - 5.75 per mil) toward the Sierra Crest and increase 
sharply by 1 per mil at the eastern SNB margin. The patterns of delta (super 18) O(Zc) allow us to reconsider why the delta (super 
18) O-Sr (sub i) trends in the SNB do not match the remarkable delta (super 18) O(WR) vs. Sr (sub i) trends in the coeval Peninsular 
Ranges batholith in southern CA. Values of delta (super 18) O(Zc) rule out alteration as causing the scattered delta (super 18) O-Sr 
(sub i) correlations, and thus no single two-component mixing model applies to the entire batholith. For example, the Fine Gold suite 
in the western part of the study area, with high-delta (super 18) O, low -Sr (sub i) values, records substantial input of hydrothermally 
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altered, mantle -derived rocks, such as subducted ocean crust or volcanic arc sediments. The high-delta (super 18) O, high-Sr (sub i) 

values in the Shaver Lake suite records contamination by Proterozoic metasediments of the Kings Sequence. Values of delta (super 
18) O(Zc) that approach mantle -like values in the Eastern SNB, including Late Cretaceous Sierra Crest plutons, are consistent with a 
lithospheric mantle signature as is proposed for the Sierra Crest plutons (e.g., Coleman and Glazner, 1997, Int Geol Rev). Finally, 
the observed sharp 1 per mil increase of delta (super 18) O(Zc) at the eastern SNB margin is recorded in Cretaceous, Jurassic, and 
Triassic rocks in Long Valley and the northern White Mountains. The occurrence of this delta (super 18) O increase of rocks of these 
ages defines a major pre-Jurassic  crustal boundary. 
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Abstract   Spatially and spectrally continuous airborne remote sensing imagery was used to map and identify hydrothermal alteration minerals 

over 450km2 of Long Valley Caldera in central eastern California. Normally alteration minerals can be challenging to map in the 
field over large areas (especially if diffusively distributed). Conventional point surveys in the form of drill holes and surface water and  
rock sampling provide sparse coverage of surface alteration and rock types. Conversely, each five-meter spatial element of a 
hyperspectral dataset supplies continuous surface material identification allowing for construction of detailed alteration maps over 
large areas in short amounts of time. Long Valley alteration assemblages are conclusively identified and mapped throughout the 
caldera including a preponderance of previously unknown mineralization. The system -scale alteration maps generate new controls 
on the chemistry, host rock, timing and intensity of alteration stages within the caldera, all of which are captured by caldera-wide 
maps of sinter, travertine and hydrothermal clays and sulfates. Alteration distribution, density and degree of weathering serve as 
proxy for alteration timing and intensity, while the comparison of surface alteration with drillcore alteration data at depth provides 
an innovative way of studying alteration geography and depth to surface zoning. The unprecedented amounts of newly discovered 
high temperature alteration in the western caldera corroborates hydrothermal circulation models that place a thermal source firmly 
below the western moat. The western alteration maps ultimately imply a far more intense and complicated alteration regime than 
previously thought. In addition, hydrothermal discharge maps are generated using linear and point distributions of the alteration 
assemblages discussed above. These maps mirror known structural networks of Long Valley and add new, previously un-identified, 
hydrothermal conduits, including east-west trending faults that allow structurally controlled fluid flow through the central caldera. 
These refined discharge maps, coupled with topography data, provide a new framework for hydrothermal circulation modeling and 
are proving instrumental in current local geothermal exploration efforts. 
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Source   Abstracts with Programs - Geological Society of America, vol.35, no.6, pp.321, Nov 2003 
 

Publisher   Geological Society of America (GSA), Boulder, CO, United States (USA) 
 

Abstract   Mammoth Mountain, a rhyolite to dacite dome complex on the southwestern rim of the Long Valley Caldera in eastern central 
California, has shown signs of volcanic unrest since the early 1980s. High concentrations  of cold magmatic carbon dioxide (CO (sub 
2) ), vent from the flanks of the mountain, and this gas is responsible for over 170 acres of dead trees in that area since 1990. Shallow 
magmatic intrusions, inferred from seismic activity, ground deformation, and changes in fumarolic gas composition on and around  
Mammoth Mountain beginning in 1989, have been interpreted as the source of the CO (sub 2) gas. Airborne and satellite based  remote  
sensing data for the field area, collected using multi- and hyperspectral [NS001 (TMS), MASTER, ASTER and AVIRIS] sensors, are 
evaluated to map the spatial and temporal variation in the distribution of magmatic CO (sub 2) -induced tree kills between 1989 and 
present. Two seasons (1998 and 2003) of field spectral measurements have been incorporated into the remote sensing  evaluation to 
establish the reflectance characteristics of the field area, allow for error evaluation, and provide ground truth measurements for 
improving the quality of the remote sensing analyses. The results of the temporal remote sensing assessment, combined using 
geographic information systems, are highlighting relationships between surface geology and areas of tree mortality and delineating the 
migration of tree kills since 1989. These evaluations improve our understanding  of the structure and volcanic activity beneath 
Mammoth Mountain and aid in analysis of future volcanic unrest. 
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Abstract   Quaternary volcanic unrest has provided heat for episodic hydrothermal circulation in the Long Valley caldera, including the present 
- day hydrothermal system, which has been active over the past 40 kyr. The most recent period of crustal unrest in this region of 
east- central California began around 1980 and has included periods of intense seismicity and ground deformation. Uplift totaling 
more 
than 0.7 m has been centered on the caldera's resurgent dome, and is best modeled by a near -vertical ellipsoidal source centered at 
depths of 6-7 km. Modeling of both deformation and microgravity data now suggests that (1) there are two inflation sources 
beneath the caldera, a shallower source 7-10 km beneath the resurgent dome and a deeper source approximately 15 km beneath the 
caldera"s south moat and (2) the shallower source may contain components of magmatic brine and gas. The Long Valley 
Exploration Well (LVEW), completed in 1998 on the resurgent dome, penetrates to a depth of 3 km directly above this shallower 
source, but bottoms in a zone of 100 degrees C fluid with zero vertical thermal gradient. Although these results preclude 
extrapolations of temperatures at depths below 3 km, other information obtained from flow tests and fluid sampling at this well 
indicates the presence of magmatic volatiles and fault-related permeability within the metamorphic basement rocks underlying the 
volcanic fill. In this paper, we present recently acquired data from LVEW and compare them with information from other drill holes 
and thermal springs in Long Valley to delineate the likely flow paths and fluid system properties under the resurgent dome. Additional  
information from mineralogical assemblages in core obtained from fracture zones in LVEW documents a previous period of more 
vigorous and energetic fluid circulation beneath the resurgent dome. Although this system apparently died off as a result of mineral 
deposition and cooling (and/or deepening) of magmatic heat sources, flow testing and tidal analyses of LVEW water level data show 
that relatively high permeability and strain sensitivity still exist in the steeply dipping principal fracture zone penetrated at a depth of 
2.6 km. The hydraulic properties of this zone would allow a pressure change induced at distances of several kilometers below the 
well to be observable within a matter of days. This indicates that continuous fluid pressure monitoring in the well could provide direct 
evidence of future intrusions of magma or high-temperature fluids at depths of 5-7 km. 
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Resource Location   http://www.sciencedirect.com/science/journal/00167037 
 

Publisher   Pergamon, Oxford, International (III) 
 

Abstract   New empirical calibrations for the fractionation of oxygen isotopes among zircon, almandine-rich garnet, titanite, and quartz are 
combined with experimental values for quartz-grossular. The fractionation of oxygen isotopes between zircon and coexisting 
minerals can provide otherwise unavailable evidence of magmatic processes, including crystallization, remelting, and assimilation- 
fractional crystallization. 
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Source   Journal of Volcanology and Geothermal Research, vol.116, no.3-4, pp.299-323, Aug 2002 
 

Resource Location   http://www.sciencedirect.com/science/journal/03770273 
 

Publisher   Elsevier, Amsterdam, Netherlands (NLD) 
 

Abstract   Noncondensible  gases from hot springs, fumaroles, and deep wells within the Valles caldera geothermal system (210 -300 degrees 
C) consist of roughly 98.5 mol% CO (sub 2) , 0.5 mol% H (sub 2) S, and 1 mol% other components. (super 3) He/ (super 4) He 
ratios indicate a deep magmatic source (R/R (sub a) up to 6) whereas delta (super 13) C-CO (sub 2) values (-3 to -5 per mil) do not 
discriminate between a mantle/magmatic source and a source from subjacent, hydrothermally altered Paleozoic carbonate rocks. 
Regional gases from sites within a 50-km radius beyond Valles caldera are relatively enriched in CO (sub 2) and He, but depleted in 
H (sub 2) S compared to Valles gases. Regional gases have R/R (sub a) values < or =1.2 due to more interaction with the crust and/or  
less contribution from the mantle. Carbon sources for regional CO (sub 2) are varied. During 1982-1998, repeat analyses of gases 
from intracaldera sites at Sulphur Springs showed relatively constant CH (sub 4) , H (sub 2) , and H (sub 2) S contents. The only 
exception was gas from Footbath Spring (1987-1993),  which experienced increases in these three components during drilling and 
testing of scientific wells VC-2a and VC-2b. Present-day Valles gases contain substantially less N (sub 2) than fluid inclusion gases 
trapped in deep, early -stage, post-caldera vein minerals. This suggests that the long-lived Valles hydrothermal system (ca. 1 
Myr) has depleted subsurface Paleozoic sedimentary rocks of nitrogen. When compared with gases from many other geothermal 
systems, Valles caldera gases are relatively enriched in He but depleted in CH (sub 4) , N (sub 2) and Ar. In this respect, Valles 
gases resemble end -member hydrothermal and magmatic gases discharged at hot spots (Galapagos, Kilauea, and Yellowstone). 
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Abstract   Elevated concentrations  of soil CO (sub 2) , ranging from 20% to 90%, from a magmatic source have been killing coniferous trees 

in the last decade in several distinct areas on the flanks of Mammoth Mountain, California. These areas of elevated soil CO (sub 
2) provide a natural laboratory to examine how chemical weathering in soils responds to extremely high-CO (sub 2) concentrations  
in conjunction with possible changes in organic acids resulting from vegetation mortality. These volcanic ash soils have a 
particularly low resistance to chemical weathering due to the predominance  of volcanic glass and other noncrystalline 
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phases. Thus, 
decade-long exposure to anomalous conditions may result in differences in soil characteristics. Soil samples from within the high- 
CO (sub 2) region have been analyzed and compared to samples from outside the anomalous area in the adjacent healthy forest 
areas where background CO (sub 2) concentrations  are less than 1%. Compared to the control soil, the high-CO (sub 2) soil has 
lower pH values (5.0 compared to 5.6), higher soil moisture content, and higher surface area. Dithionite -citrate and acid -oxalate 
extractants were less effective in leaching Al and Si from the high CO (sub 2) than from the control soil, indicating a distinct 
difference in the mineralogy of these soils. The observed differences between the high-CO (sub 2) and control soils are consistent 
with an enhancement of weathering intensity in the soil exposed to elevated CO (sub 2) concentrations. 
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Abstract   A major campaign to quantify the magmatic carbon discharge in cold groundwaters around Mammoth Mountain volcano in eastern 
California was carried out from 1996 to 1999. The total water flow from all sampled cold springs was > or =1.8X10 (super 7) m 
(super 
3) /yr draining an area that receives an estimated 2.5X10 (super 7) m (super 3) /yr of recharge, suggesting that sample coverage of 
the groundwater system was essentially complete. Some of the waters contain magmatic helium with (super 3) He/ (super 4) He 
ratios as high as 4.5 times the atmospheric ratio, and a magmatic component in the dissolved inorganic carbon (DIC) can be 
identified in virtually every feature sampled. Many waters have a (super 14) C of 0-5 pmC, a delta (super 13) C near -5 per mil, 
and contain high concentrations  (20-50 mmol/l) of CO (sub 2(aq)) ; but are otherwise dilute (specific conductance = 100 -300 mu 
S/cm) with low pH values between 5 and 6. Such waters have previously escaped notice at Mammoth Mountain, and possibly at 
many other volcanoes, because CO (sub 2) is rapidly lost to the air as the water flows away from the springs, leaving neutral pH 
waters containing only 1-3 mmol/l HCO (sub 3) (super -) . The total discharge of magmatic carbon in the cold groundwater 
system at Mammoth Mountain is approximately 20 000 t/yr (as CO (sub 2) ), ranging seasonally from about 30 to 90 t/day. 
Several types of evidence show that this high discharge of magmatic DIC arose in part because of shallow dike intrusion in 1989, 
but also 
demonstrate that a long-term discharge possibly half this magnitude ( approximately 10 000 t/yr) predated that intrusion. To sustain 
a 
10 000 t/yr DIC discharge would require a magma intrusion rate of 0.057 km (super 3) per century, assuming complete degassing of 

magma with 0.65 wt% CO (sub 2) and a density of 2.7 t/m (super 3) . The geochemical data also identify a small (<1 t/day) 
discharge of magmatic DIC that can be traced to the Inyo Domes area north of Mammoth Mountain and outside the associated 
Long Valley caldera. This research, along with recent studies at Lassen Peak and other western USA volcanoes, suggests that the 
amount of magmatic carbon in cold groundwaters is important to constraining rates of intrusion and edifice weathering at 
individual volcanoes and may even represent a significant fraction of the global carbon discharge from volcanoes. 
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Abstract   One of the fundamental questions in modern volcanology is the manner in which a volcanic eruption is triggered; the intrusion of 

fresh magma into a reservoir is thought to be a key component. The amount by which previously ponded reservoir magma interacts 
with a newly intruded magma will determine the nature and rate of eruption as well as the chemistry of erupted lavas and shallow 
dykes. 
The physics of this interaction can be investigated through a conventional monitoring procedure that incorporates the simple and 
much used Mogi model relating ground deformation (most simply represented by Delta h) to changes in volume of a magma 
reservoir. Gravity changes (Delta g) combined with ground deformation provide information on magma reservoir mass changes. 
Our models predict how, during inflation, the observed Delta g/Delta h gradient will evolve as a volcano develops from a state of 
dormancy through unrest into a state of explosive activity. Calderas in a state of unrest and large composite volcanoes are the 
targets for the methods proposed here and are exemplified by Campi Flegrei, Rabaul, Krafla, and Long Valley. We show here 
how the simultaneous measurement of deformation and gravity at only a few key stations can identify important precursory 
processes within a magma reservoir prior to the onset of more conventional eruption precursors. 
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Abstract   New (super 40) Ar/ (super 39) Ar ages link records of anomalous geomagnetic field behavior from western North America and 
New Zealand, and suggest that a reversal event occurred at 223+ or -4 ka (+ or -1sigma ). Virtual geomagnetic poles from the 
Pringle  Falls event recorded in both hemispheres lie on a common transition path, suggesting that the geomagnetic field during this 
interval was dominated by a dipolar component. The Pringle Falls event therefore may be a reverse polarity subchron within the 
Brunhes Normal Chron. 
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Abstract   Ground studies of the restless Long Valley caldera under the aegis of volcanic hazard monitoring for the past 25 years, have provided  
a wealth of geophysical and geochemical data culminating in new hydrothermal and structural models. However, limited remote 
sensing has been attempted at this caldera. Our group is applying spectroscopic mapping with traditional geological data to refine 
current geological models and maps, to assess the strengths and limitations of using biological phenomena to model and map 
geological processes and structures, and to prepare baseline datasets for volcano monitoring efforts via space -borne instruments. On 
September 7, 1999, imagery of the caldera was flown using Integrated Spectronic's HyMap hyperspectral imager. These images are 
being analyzed to gain a better understanding  of the hydrothermal system and to refine present flow models. This includes 
delineating  zones of discharge and their general geochemistry  and temperatures as resolved by hydrothermal mineral assemblage 
mapping. We present an example of structural mapping in the western caldera which elucidates how this region of crust is 
accommodating such perturbations as magma chambers, dike intrusions, and regional stress as well as aspects of the transport of 
hydrothermal fluids, gasses, and magma along such structures. We also present data on the sizes and locations of the CO (sub 2) - 
induced tree-kills at Mammoth Mt., specifically near Horseshoe Lake. 
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Abstract   Miocene-Recent  Basin and Range deformation occurs in west-central Idaho, and extension concentrates along the Cretaceous 
Salmon River suture zone. Domino-style normal faulting occurred on E -dipping normal faults, which parallel the Cretaceous foliation. 
Normal faulting rotated both the underlying Cretaceous amphibolite facies basement rocks of the western Idaho shear zone and the 
overlying Miocene Columbia River basalt flows. We present results from a new gravity survey of Long Valley with 250 
measurements. The topographical expression of NS-trending Long Valley does not correlate directly to the basin at depth. Instead, a 
25 mGal negative Bouguer anomaly is centered in the NW part of the valley. No gravity anomaly occurs under the S end of the 
valley, indicating the presence of bedrock immediately below Quaternary surficial deposits. In the N end of the valley, inversion 
of the gravity data suggests ca. 1200 m of Miocene-recent basin fill in a relatively narrow (<10 km) valley. The anomaly is 
consistent with an asymmetric Miocene graben that is deepest on the W side of the valley. The normal faults that bound the graben 
on the W side parallel Cretaceous basement foliation. Tilted Miocene Columbia River basalts act as critical marker horizons. 
Paleomagnetic data show that Miocene rotation of crustal blocks occurred about a horizontal axis. Reconstruction  of the basalt 
flows to a sub- horizontal position suggests that the original orientation of both the Late Cretaceous basement foliation and the 
Miocene normal faults was sub-vertical. Each block contains a distinctive part of the Late Cretaceous shear zone, as defined by 
petrology, geochemistry , and structures. These observations  indicate that basement contacts and fabrics controlled the regional 
Miocene structural style. 

 
Publication Year   2000 

 
Publication Type   Serial; Conference document; Analytic; Abstract only 

 
Country of Publication   United States (USA) 

 
Accession Number   2002-049947 

 
 
 
 

41. Database   GeoRef 
 

Title    Geological and  geobotanical studies of  Long Valley Caldera and  Mammoth Mountain, CA utilizing  new  high resolution  
hyperspectral imagery 

 

Author   Martini, Brigette A ;  Silver, Eli A ;  Pickles, William L;  Potts, Donald C 
 

Affiliation    University of California, Department of Earth Sciences, Santa Cruz, CA, United States (USA) 
 

Affiliation    Lawrence Livermore National Laboratory, United States (USA) 
 

Monograph Title   AGU 1999 fall meeting 
 

Author   Anonymous 
 

Source   Eos, Transactions, American Geophysical Union, vol.80, no.46, Suppl., pp.1091, 16 Nov 1999 
 

Publisher   American Geophysical Union, Washington, DC, United States (USA) 
 

Publication Year   1999 
 

Publication Type   Serial; Conference document; Analytic; Abstract only 
 

Country of Publication   United States (USA) 
 

Accession Number   2004-018715 
 
 

42. Database   GeoRef 
 

Title   Isotope geochemistry in geothermal research 
 

Author   Kennedy, B Mack; DePaolo, Donald J;  Truesdell, Alfred H 
 

Affiliation    Lawrence Berkeley National Laboratory, Berkeley, CA, United States (USA) 
 

Affiliation    University of California Berkeley, United States (USA) 
 

Monograph Title   Federal geothermal geoscience research, fiscal year 1998 
 

Author   Reed, Marshall (prefacer) 
 

Affiliation    U. S. Department of Energy, Office of Geothermal Technologies, Washington, DC, United States (USA) 
 

Source   DOE/ID Report, Report: DOE/ID 10732, pp.2.55 -2.63, May 1999 



Long Valley Caldera, California

22

 

 

 
 

Report Number   DOE/ID 10732 
 

Publisher   U. S. Department of Energy, Office of Fossil Energy, Washington, DC, United States (USA) 
 

Publication Year   1999 
 

Publication Type   Serial; Report; Analytic 
 

Country of Publication   United States (USA) 
 

Accession Number   2008-095924 
 
 

43. Database   GeoRef 
 

Title   Absolute age constraints on the rates of magma formation and modification in a high- level silicic magma chamber 
 

Author   Heumann, Arnd; Davies, Gareth R;  Elliott, Tim R 
 

Affiliation   Vrije Universiteit, Department of Earth Sciences, Amsterdam, Netherlands (NLD) 
 

Monograph Title   European Union of Geosciences conference; EUG 10; abstracts 

Author   Anonymous 
 

Source   Journal of Conference Abstracts, vol.4, no.1, pp.428-429, Mar 1999 
 

Publisher   Cambridge Publications, Cambridge, United Kingdom (GBR) 
 

Publication Year   1999 
 

Publication Type   Serial; Conference document; Analytic; Abstract only 
 

Country of Publication   United Kingdom (GBR) 
 

Accession Number   2001-023845 
 
 

44. Database   GeoRef 
 

Title   Soil pH mapping to evaluate intensive magmatic- hydrothermal diffuse degassing on active volcanoes 
 

Author   Valiente, Marcos; Meneses, Belen; Rodriguez, Paqui; Salazar, Jose M L;  Perez, Nemesio M;  Hernandez, Pedro A 
 

Affiliation   Univ. La Laguna, Faculty of Chemistry, Tenerife, Spain (ESP) 
 

Affiliation    ITER, Spain (ESP); University of Tokyo, Japan (JPN) 
 

Monograph Title   IUGG 99; abstracts 
 

Author   Anonymous 
 

Source   International Union of Geodesy and Geophysics General Assembly = Union Geodesique et Geophysique Internationale Comptes 
Rendus de la ...Assemblee Generale, vol.99, Week B, pp.97 -98, 1999 

 
Publisher   IUGG, [location varies], International (III) 

 
Publication Year   1999 

 
Publication Type   Serial; Conference document; Analytic; Abstract only 

 
Country of Publication   International (III) 

 
Accession Number   2001-068039 

 
 

46. Database   GeoRef 
 

Title    Development of  the  Long Valley rhyolitic magma system;  strontium and  neodymium isotope evidence from glasses and   
individual phenocrysts 

 

Author   Davies, Gareth R;  Halliday, Alex N 
 

Affiliation   Vrije Universiteit, Department of Earth Sciences, Amsterdam, Netherlands (NLD) 
 

Affiliation    University of Michigan, United States (USA) 
 

Source   Geochimica et Cosmochimica Acta, vol.62, no.21 -22, pp.3561-3574,  Nov 1998 
 

Resource Location   http://www.sciencedirect.com/science/journal/00167037 



Long Valley Caldera, California

23

 

 

 
 

Publisher   Pergamon, Oxford, International (III) 
 

Publication Year   1998 
 

Publication Type   Serial; Analytic 
 

Country of Publication   International (III) 
 

Accession Number   1999-032783 
 
 

47. Database   GeoRef 
 

Title   Hydrologic and chemical data from the Long Valley Hydrologic Advisory Committee Monitoring Program in Long 
Valley Caldera, Mono County, California, 1988- 1997 

 
Author   Sorey, Michael L;  Farrar, Christopher D 

 
Affiliation    U. S. Geological Survey, Menlo Park, CA, United States (USA) 

 
Source   Open-File Report - U. S. Geological Survey, Report: OF 98-0070, 49 pp., 1998 

 
Report Number   OF 98-0070 

 
Publisher   U. S. Geological Survey, Reston, VA, United States (USA) 

 
Pages   49 

 
Publication Year   1998 

 
Publication Type   Serial; Report; Monographic 

 
Country of Publication   United States (USA) 

 
Accession Number   1999-006939 

 
 

48. Database   GeoRef 
 

Title   Isotopic and chemical evolution of the post- caldera rhyolitic system at Long Valley, California 
 

Author   Heumann, Arnd; Davies, Gareth R 
 

Affiliation   Vrije Universiteit Amsterdam, Faculteit der Aardwetenschappen,  Amsterdam, Netherlands (NLD) 

Affiliation    Technische Universitaet Clausthal, Federal Republic of Germany (DEU); U. S. Geological Survey, United States (USA); University 
of 

Maryland at College Park, United States (USA) 
 

Monograph Title   High level silicic magmatism and related hydrothermal systems; IAVCEI '97 selected papers 
 

Editor   Seltmann, Reimar; Lehmann, Bernd; Lowenstern, Jacob B; Candela, Phil A 
 

Affiliation   Geoforschungszentrum  Potsdam, Potsdam, Federal Republic of Germany (DEU) 
 

Source   Journal of Petrology, vol.38, no.12, pp.1661-1678, Dec 1997 
 

Publisher   Clarendon Press, Oxford, United Kingdom (GBR) 
 

Publication Year   1997 
 

Publication Type   Serial; Conference document; Analytic 
 

Country of Publication   United Kingdom (GBR) 
 

Accession Number   1998-032545 
 
 

49. Database   GeoRef 
 

Title   Thermal evolution of rhyolitic magmas delimited by in situ Th isotope analyses of allanite and zircon 
 

Author   Reid, M R;  Coath, C D 
 

Affiliation    University of California at Los Angeles, Department Earth and Space Sciences, Los Angeles, CA, United States (USA) 
 

Monograph Title   AGU 1997 fall meeting [modified] 



Long Valley Caldera, California

24

 

 

 
 

Author   Anonymous 
 

Source   Eos, Transactions, American Geophysical Union, vol.78, no.46, Suppl., pp.814, 18 Nov 1997 
 

Publisher   American Geophysical Union, Washington, DC, United States (USA) 
 

Publication Year   1997 
 

Publication Type   Serial; Conference document; Analytic; Abstract only 
 

Country of Publication   United States (USA) 
 

Accession Number   1999-001498 
 
 

50. Database   GeoRef 
 

Title   Oxygen isotope compositions of intracaldera rocks; hydrothermal history of the Long Valley Caldera, California 
 

Author   McConnell, Vicki S ;  Valley, John W;  Eichelberger, John C 
 

Affiliation    University of Alaska, Fairbanks, AK, United States (USA) 
 

Affiliation    University of Wisconsin, United States (USA) 
 

Source   Journal of Volcanology and Geothermal Research, vol.76, no.1-2, pp.83 -109, Mar 1997 
 

Resource Location   http://www.sciencedirect.com/science/journal/03770273 
 

Publisher   Elsevier, Amsterdam, Netherlands (NLD) 
 

Abstract   The Bishop Tuff and associated rocks filling Long Valley Caldera, California represent a case where thick and relatively uniform 
geologic units of known initial compositions have been subjected to a strong geothermal fluid flux within an enclosed basin. 
Oxygen 

isotopic compositions within individual components of this "flux plate" are used to characterize a magmatically driven 
paleohydrothermal  system. Oxygen isotope ratios of silicate components analyzed with a laser -probe/mass-spectrometer system 
clearly illustrate the isotopic heterogeneity in the hydrothermally altered felsic volcanic rocks. The alteration resulted from 
moderately high-temperature hydrothermal activity. Hydrothermal  activity is linked to periods of post-caldera-collapse  volcanism 
and resurgence in the central caldera. In general, (super 18) O depletion in the Bishop Tuff resulting from exchange with 
hydrothermal fluids proceeds as pumice>matrix>sanidine>quartz due to progressive resistance to alteration. Samples from the 
Long Valley Exploratory Well (LVEW) centered on the resurgent dome show downward increasing exchange and disequilibrium 
over the well's 2000-m depth. A flanking well shows the opposite pattern over 1300 m depth. Oxygen isotope isopleths along a 
W-E vertical cross section of the caldera reveals convective circulation upwards and outwards from the central resurgent dome. A 
paleotemperature  maximum of approximately 350 degrees C in LVEW and a geothermal gradient of approximately 130 degrees 
C/km are deduced from feldspar/water oxygen isotope fractionation equations using the pumice and sanidine components of the 
intracaldera volcanic rocks. This is consistent with the degree of alteration and the secondary mineralogy. Present-day temperature 
maximum in the well is approximately 100 degrees C, and the geothermal gradient is 50 degrees C/km. Fossil hydrothermal 
water, trapped in fluid inclusions in hydrothermal vein quartz hosted by intracaldera rocks, has a calculated oxygen isotope 
composition of -10.2per mil based on chemistry and trapping temperature. This is 4per mil heavier than the average value for the 
present -day hydrothermal water and consistent with higher temperatures and water/rock ratios. Intrusive activity was initiated in 
the resurgent dome area soon after 
caldera collapse (760 ka), but migrated toward the western margin of the caldera, the locus of Holocene volcanism. Thus, the 
central hydrothermal system matured and waned as the heat sources from intrusions shifted westward. Geophysical evidence of 
renewed intrusive activity located beneath the resurgent dome may presage a future renewal of the cycle of hydrothermal activity 
in the central caldera region. Although the hydrothermal activity is complex and transitory, this history is normal for a large, 
relatively active caldera system such as Long Valley Caldera. 
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Abstract   Isotopic variations in Cenozoic mafic volcanic rocks in the Basin and Range Province of the 
southwestern  United States are considered by many to be due to differences in mantle sources, either 
subduction -enriched subcontinental lithosphere or the asthenosphere. This is a detailed geochemical 
investigation of the magmatic evolution and mantle source(s) of Quaternary mafic volcanism at Long 
Valley Caldera and the Devils Postpile National Monument, Western Great Basin. The Quaternary mafic 
lavas are dominantly post-Bishop Tuff (<0.7 Ma) in age, occur as isolated cinder cones and small - 
volume lava flows within the caldera, and range in composition from alkali basalt to trachyandesite. 
Whereas fractional crystallization is the dominant process effecting the evolution of Long Valley lavas 
with 
MgO > 7%, assimilation of Sierra Nevada granitoids becomes increasingly important at MgO 
< 7%, such that SiO (sub 2) , K/La, and (super 87) Sr/ (super 86) Sr increase asP/K, Zr/Ba, and (super 
143) Nd/ (super 144) Nd decrease. Assimilation -fractional crystallization calculations suggest that the 
most evolved trachyandesites include approximately 30% of upper crustal component. In lavas with > 
7% MgO, (super 87) Sr/ (super 86) Sr and La/Sm decrease as (super 143) Nd/ (super 144) Nd, Nb/La, 
Zr/Ba and (to a lesser extent) Pb isotope ratios increase from the oldest to the youngest Quaternary lavas.  
The oldest lavas are chemically similar to other lavas in the western Basin and Range thought to have 
an enriched lithospheric mantle source. Whereas the shifts in Sr and Nd isotope ratios from oldest 
to youngest basalts might be consistent with a progressively increasing asthenospheric component in the 
lavas, the shifts in incompatible element ratios and lack of shifts in Pb isotope ratios with time are not. 
Instead, they indicate that with time the mafic lavas may have increasingly interacted with mafic crust, 
perhaps gabbroic/dioritic  rocks at depth within the Sierra Nevada Batholith. Alternatively, a second, less 
enriched lithospheric mantle source is present beneath the Long Valley area that has only recently 
begun to undergo melt generation, and this source has made progressively larger contributions  to the 
basaltic magmas erupted at the surface. Copyright 1996 by the American Geophysical Union. 
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Abstract   This study reports fumarole and hot spring gas chemistry of a 3-year monitoring programme (1986- 
1988) at the seismically -active Long Valley caldera (LVC) in the Sierra Nevada, eastern California. The 
focus is on helium and carbon dioxide (isotopes and concentrations) and their variation in response to 
seismic activity in the region. Within the caldera, both species are predominantly magmatic in origin but 
their isotopic and elemental characteristics appear to be established prior to shallow -level intrusion 
and/or are influenced by pre- eruptive degassing. In response to intra-caldera and regional seismicity 
over the monitoring period, CO (sub 2) and helium show markedly different behaviour: the greatest 
change in various carbon-related parameters (CO (sub 2) %; delta (super 13) C(CO (sub 2) ); CO (sub 
2) / (super 3) He) occurred in 1986 and were most likely related to regional seismicity in the nearby 
Chalfont Valley. Helium did not respond to these events. The largest change (up to approximately 25%) 
in (super 3) He/ (super 4) He ratios was seen in 1987 with the occurrence of both increases and decreases  
relative to the almost constant values observed in 1988. The increases are consistent with magma 
intrusion occurring within the caldera in 
1987 whilst the decreases occurred significantly later (>6 months) than any seismic activity. It is 
suggested that decreases in (super 3) He/ (super 4) He are related to the regional seismicity and that the 
hydrothermal system exerts a (temporal) control on the release of near -surface (super 4) He. At LVC 
this is related to the timing of the late spring thaw. Results from previous monitoring programmes 
(when the level of seismicity in the caldera was higher) are evaluated against variations in the present 
work. There appears to be a convincing link between higher (super 3) He/ (super 4) He values and the 
level of seismicity in the caldera although factors related to location, magnitude and frequency of 
seismic 

events are difficult to quantify. Because of the inferred small isotopic contrast between new magma and 
presently-degassing  magma at LVC, it is anticipated that large variations in (super 3) He/ (super 4) He 
within the central caldera are unlikely to occur until the magmatic volatile signal wanes as a function of 
degassing and time. Alternatively, only at those localities situated at significant distances from the region  
of magma intrusion (i.e. away from the resurgent dome vicinity) are helium and/or carbon likely to 
respond dramatically to intra- caldera seismicity. 
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100 km (super 3) of potassic, basic to intermediate lavas that record high water and oxygen fugacities. 
Most eruptions occurred between 4 and 2 Ma, although sporadic potassic volcanism continued into the 
Quaternary with a pulse between 0.1 and 0.5 
Ma, approximately 15 km northeast of Mono basin. The lava types include absarokite, minette, 
hornblende lamprophyre,  trachybasalt, and trachyandesite. Estimated water contents for lavas without 
hydrous phenocrysts range between 2 and 3 wt%, considerably more than mid-ocean ridge, oceanic 
island, or back-arc magmas. Calculated f O (sub 2) values fall between -0.4 and +1.2 log units of the 
Ni-NiO buffer. Although this potassic suite was erupted in an extensional tectonic setting at the western 
margin of the Basin and Range province, its high K (sub 2) O/TiO (sub 2) and low Zr/Ba ratios suggest a 
subduction - modified mantle source. If subduction was the process that enriched the lithospheric mantle 
in large-ion lithophile elements (K, Ba, etc.), it was also a mechanism for mantle oxidation and 
hydration. October 1993 
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Abstract   The Bishop Tuff (BT), erupted from the Long Valley Caldera at 0.74 Ma, is composed of a Plinian 

tephra and ignimbrite (Hildreth, 1979). Based on ion and electron microprobe analyses of melt 
inclusions (MI) in quartz and sanidine phenocrysts, a strong H (sub 2) O gradient was present in the 
upper portion of the magma chamber, mainly in the first 120 km (super 3) of erupted material. The H 
(sub 2) O content of the magma which formed the Plinian tephra drops from 6 wt % to 3.5 wt %. In 
contrast, the magma which formed the ignimbrite contained a relatively constant amount of H (sub 2) 
O, between 2 and 4 wt %. The strong drop in H (sub 2) O content of the magma which formed the 
Plinian tephra suggests that only in its extreme upper part, if any, was the P (sub H (sub 2) 0) in the 
magma close to P (sub total) . The halogen content of the BT magma was low and relatively constant at 
approximately 700 ppm Cl and approximately 500 ppm F. The trace and major element composition of 
MI from the Plinian and first-erupted ash flow lobes of the BT are similar to that of bulk tephra. The 
range in the trace element concentrations  of inclusions suggests 
that fractional crystallization may have affected magmatic composition. However, in addition to 
fractional crystallization, the composition of MI, phenocrysts and bulk pumice lumps suggests that 
magma mixing may have been an important process in establishing the final trace element zonation 
within the Bishop magma chamber and may be responsible for some of the most dramatic observed 
trace element variations. The BT eruption appears to have removed sequential stratigraphic 
compositional layers from the magma chamber, whereas fhe Lower Bandelier Tuff (LBT) appears to 
have erupted chaotically, although both magma chambers are characterized by essentially the same 
volatile and therefore density zonation. However, the H (sub 2) O content of the Plinian:ignimbrite 
transition is different for the two ( approximately 3 wt % for the BT, 4-5 wt % for the LBT), suggesting 
that the LBT Plinian eruption may have ended prematurely, possibly due to caldera collapse. Therefore, 
the magma withdrawal dynamics of these eruptions may be more strongly controlled by external 
factors, such as vent configuration, rather that the volatile gradient of the melt. Copyright 
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Long Valley Caldera, California. Twenty-three moat basalt lava flows and a possible feeder dike have 
been sampled. Based on chemistry and petrography, these rocks can be divided into five distinct 
groups: from group V, the most primitive ( approximately 48 wt.% Si02) and presumably the oldest, to 
group I, the most evolved ( approximately 58 wt.% Si02) and the youngest. The groups, in general, 
become more evolved towards the top of the sequence. These groups can be related by assimilation and 
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granodiorite composition has been calculated as the assimilant using multiple linear regression. A 
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Abstract   Variations in eruption column height, magma discharge (intensity), and geochemistry  have been 
documented for the plinian phase of the Bishop Tuff eruption from the Long Valley caldera, California. 
Although exposures of the complete Bishop fall deposit are sparse, their widespread relationships, 
knowledge of the plinian vent location, and a reasonable estimate of the main dispersal axis allow for 
the construction of minimum clast isopleths. Column height and intensity are estimated to have 
increased from 23 km and 7 X 10 (super 7) kg s (super -1) to a peak of 45 km and 7.5 X 10 (super 8) 
kg s (super -1) at the end of the plinian phase. Variations in geochemistry  of the plinian deposit reveal 
complex magma withdrawal processes during the Bishop plinian phase. Concentrations of many 
incompatible trace elements increase from the base to midlevel and then decrease to the top of the 
plinian deposit. This trend is mirrored by the variation in pumice density, which in turn reflects 
vesicularity. Based on the physical volcanology and compositional variations in the plinian deposit, a 
model is proposed for the temporal progression of magma withdrawal during the plinian phase. 
Relatively less-evolved magma was first tapped by the plinian phase from the side of the magma 
chamber, with the conduit location being controlled by the Hilton Creek fault system. As eruption 
intensity increased, more-evolved magma from the chamber roof was drawn down and tapped. Less- 
evolved magma was again tapped for the duration of the plinian phase, possibly as withdrawal from the 
roof zone became less efficient. Renewed eruption of slightly more evolved magma by the first post- 
plinian ignimbrites suggests that the vent migrated along the ring fault system to an area that had not 
experienced previous magma withdrawal. Copyright 1991 by the American Geophysical Union. 
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Abstract   Andesite inclusions are found within the vent areas of two 600 -year-old rhyolite domes in the Inyo 
Craters volcanic chain, eastern California. Both domes lie within the present northwestern sector of 0.73 
Ma Long Valley caldera. Inclusion morphology indicates that they were partially molten and ductile 
during incorporation within coarsely porphyritic 
rhyolite. The xenocryst assemblage within the inclusions (plagioclase + hornblende + biotite 
+ quartz + or - sanidine) is identical to the phenocryst assemblage within the host rhyolite. Microprobe 
analyses of xenocrysts within the andesite inclusions show that they have compositions similar to 
phenocrysts in the host rhyolite. These data suggest that the andesite inclusions are the result of mixing 
of the coarsely porphyritic rhyolite with a more mafic end member. Whole rock geochemistry  of the 
inclusions generally supports a simple mixing model between the coarsely porphyritic rhyolite of the 
Inyo domes and typical postcaldera mafic lavas found throughout the western caldera moat. The 
inclusions provide 
the first evidence for involvement of basaltic magma in the 600 -year-old rhyolite eruptions of the Inyo 
Craters volcanic chain and suggest the possibility that the rhyolitic eruptions were initiated by injection 
of basalt into the lower part of the silicic magma system. Periodic thermal replenishment of the magmatic  
system through basaltic injection may explain the relatively high temperatures encountered in drill holes 
within the western caldera moat. The inclusions further suggest that although rhyolite eruptions  are 
statistically more likely from 
the Inyo Craters volcanic chain, future basaltic eruptions cannot be ruled out. Copyright 1990 by the 
American Geophysical Union. 
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Abstract   Age spectra for microclines separated from samples obtained within the thermal aureole of the conduit 
to Obsidian Dome are compared with those from a reference sample collected in an area removed from 
the thermal effects of intrusion. The age spectra are characterized by a zero-age plateau at low fractional  
release and by an approximately 80 Ma plateau at higher fractional releases. These plateaus correspond 
to subparallel arrays in the Arrhenius data. These arrays are attributed to two discrete diffusion domain 
size fractions characterized by identical activation energies but by discrete and different frequency grain 
size fractions (Lovera et al., 1989). The relative losses of (super 40) Ar* do not show a systematic 
pattern when compared on the basis of total (super 40) Ar* loss. The (super 40) 
Ar* losses first increase and then fall with distance from the contact. However, when the data composing 
the high-temperature array of the Arrhenius data are considered (the large diffusion domain size 
fraction), the pattern is consistent with that predicted by conductive heating of the aureole. This 
agreement requires the aureole to have been uniformly preheated to a temperature of approximately 250 
degrees C prior to intrusion of the rhyolite dike and surrounding breccia funnel that make up the vent 
structure. Further, the data 
require that the material forming the breccia funnel must have been heated to a temperature approaching 
that of the magma prior to emplacement. Copyright 1990 by the American Geophysical Union. 
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(about 600 years B.P.) sampled at least two separate magmatic systems. Two rhyolitic lava types were 
produced in the eruption, one coarsely porphyritic (CP) and one finely porphyritic (FP). These two 
lavas are chemically, mineralogically, and texturally distinct from one another, are physically 
intermixed, and are distributed unequally among three lava flows. The FP lava comprises a range of 
compositions that form coherent but discontinuous trends on variation diagrams. Quantitative major 
and trace element modeling indicates that the trends were not produced by fractionation of the observed 
phenocryst assemblage, but rather that the high-silica end -member could have been produced from the 
low -silica end -member by fractionation of an equivalent hydrous assemblage. This and compositional 
discontinuity in the trends could indicate that two slightly zoned FP endmembers were generated at 
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contrast, chemical distinctions, physical nature, and chemical modeling suggest that the CP and FP 
magmas evolved separately along distinct, and possibly parallel, liquid lines of descent. Since these are 
the most recent lavas to erupt in the Long Valley caldera, this suggests that at least two chemically 
isolated magmatic systems are present beneath the region. The three lava flows produced in the 
600 -year-B.P. eruption lie along a north-trending line that crosses the northwestern boundary of the 
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and shows marked physical and chemical similarity to 
100,000-year-old  lava erupted in the caldera's northern topographic moat. The more crystalline nature 
of the CP lava, coupled with its similarity to older Long Valley lava, may indicate that it came from a 
source within the caldera, possibly the same magma body as the one detected seismically beneath the 
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Abstract   This report presents the results of a geologic, energy, and minerals (GEM) survey of the Rockhouse 

Basin Wilderness Study Area (WSA) in the southern Sierra Nevada. The survey was conducted by the 
California Department of Conservation, Division of Mines and Geology (DMG) during the latter part 
of 1983 under Contract No. YA -551 -CT3-440039  with the U.S. Bureau of Land Management (BLM). 
The work was contracted as part of a BLM study to determine the suitability of the Rockhouse Basin 
area for recommendation for inclusion into the National Wilderness Preservation System. The 
Rockhouse Basin Wilderness Study Area encompasses  an uplifted erosional surface of older (pre- 
Middle Jurassic) metasedimentary  rock (Kernville Series) which have been intruded by a succession of 
younger (Middle Jurassic to Cretaceous) granitic plutons of varying composition. The metamorphic 
rocks occur as a large roof pendant or as smaller xenoliths. These metamorphic rocks are vertically to 
steeply dipping, and consist principally of quartzites, schists, and phyllites with minor assemblages of 
marble, slate, hornfels, and metavolcanic rock. With few exceptions, all known occurrences of 
mineralization are confined to the metamorphic rocks, and the exceptions appear to be confined to areas 
containing late-stage pegmatites. The mineral resource potential of the WSA was evaluated and 
classified on the basis of geological, geochemical, and geophysical data developed during the study. The 
results of the GEM survey indicate that parts of the study area have a mineral resource potential. Some 
specific characteristics are presented below: - The WSA has a substantiated high potential for small 
deposits of tungsten with accessory 
molybdenum and copper mineralization associated with small tactite zones developed along 
metasedimentary -igneous contacts. - Minor barite production has been recorded from prospects within 
the WSA that have a low -to -moderate barite resource potential. However, outside the WSA, toward 
VABM Bear, the southward continuation of this stratigraphic 
horizon of sedimentary barite has supported moderate historic production and contains an extensive 
substantiated barite resource. - Geochemical and radiometric data indicate a moderate resource potential 
for small deposits of uranium associated with pegmatites along the southwestern end of Long Valley 
and in the Chimney Peak-Lamont Meadow area. - A small, undeveloped, but substantiated occurrence of 
gem quality turquoise exists near the southwestern end of Long Valley. - Bodies of marble 
(metamorphosed limestone and dolomite) and quartz-feldspar-bearing  pegmatite dikes are present. The 
marble has variable magnesium content and shows partial-to -complete silicification and variable 
widths; pegmatite dikes are small and discontinuous. Thus, variabilities in tonnage, composition, grade, 
thickness, and extent are not favorable for commercial utilization of either commodity. 
- The geologic terrane has no potential for the occurrence of petroleum resources and has low potential 
for the development of geothermal resources in the area, even though it lies immediately west of the 
Coso Known Geothermal Resource Area. - Geochemical data indicate a low resource potential for 
deposits of lead-zinc-silver -gold in the southern and northern parts of the study area possibly associated 
with undiscovered ore-forming hydrothermal systems. Suggestions for further studies. Additional 
detailed geochemical and geophysical studies in specific areas might more closely delineate possible 
hydrothermal 

mineralization,  particularly  in the Big Pine Meadow  area and the southern  and northern  parts of the 
study area. Also, detailed ground magnetic investigations  of small magnetic anomalies  occurring  near 
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anomaly: (1) geothermal water has reached shallow levels as a result of increased permeability created 
by seismic activity, or (2) addition of a CO (sub 2) -rich, magnetic vapor to the geothermal system at 
depth caused vapor exsolution in zones where it did not occur before. If the Hg anomaly in the Inyo 
crater zone is related to the addition of magmatic vapors, the site of the new anomaly may overlie 
young, intruding magma.-- Modified journal abstract. 
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south Cascade  arc, Tahoe -Reno region basalts are enriched in the light rare earth and large ion lithophile  elements and have 
higher 87Sr/86Sr  and lower 143Nd/144Nd  that are consistent with an old, subduction -modified  lithospheric  mantle source, such  
as that proposed  for lavas of the Western Great Basin. Melting of the lithospheric  mantle may be enhanced  by fluid flux from 
the subducting slab if the Juan de Fuca slab dip is shallow. Andesites and dacites evolved from basaltic magmas  by a 
combination of fractional crystallization  and assimilation  of lower crustal melts. Available geochronological  data indicate that 
the westward  sweep of Cenozoic  volcanism  through Nevada was associated  with steepening of the slab dip, but the dip angle 
was lower during Miocene-Pliocene arc volcanism  than it is today beneath the modern south Cascades. 
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zircons from 32 young extrusions  indicate a range of mean pre-eruption ages from approximately  33 to 247 ka, with a median of 92 ka. 
Explosive large volume (widespread)  eruptions  show a narrower  range and a younger median of 70 ka. These results indicate 
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Mg, Fe,Ti) (sub 2) Ti (sub 2) Si (sub 4) O (sub 22) ] are accessory  minerals which can be particularly useful for delimiting the 
evolution  of rhyolitic magmas  because they often contain significant  compositional  zoning that is sensitive to changes  in magmatic 
conditions and is amenable  to geochronology  due to high Th concentrations.  Both minerals  are relatively  common  in metaluminous 
rhyolites from a variety of tectonic settings, with allanite generally occurring  in hosts that crystallized at lower magmatic  temperatures 
than those hosting chevkinite.  Reconnaissance  experiments indicate that allanite saturation  occurs in high-silica rhyolites between 
760 -770 degrees C; at > or =780 degrees C, anhydrous chevkinite  replaces  allanite. The compositions  of allanites  from rhyolites 
erupted at Long Valley, Mono Craters, and Coso, USA, and Toba, Indonesia,  follow a similar compositional  trend of decreasing  La, Ce, 
Ti, Mg and increasing  Mn, Y, and Th, which mirrors the variability  of compatible and incompatible elements,  respectively, during 
fractionation of rhyolitic magma  containing  LREE-rich phases. Single crystals of chevkinite  from caldera-forming and postcaldera  rhyolites 
at Yellowstone,  USA, may contain significant  zoning in LREE, Th, Mg, and Y due to differentiation.  However, parental melt compositions 
are difficult to calculate  because partition coefficients between chevkinite  and metaluminous  melts are poorly delimited. For young 
chevkinites and allanites (<350 ka), the compositional  variations  in single crystals can be linked to absolute  age through (super 238) U- 
(super 230) Th dating via ion microprobe analysis. Compositional  zoning in Toba allanites  records  crystal growth from rhyolitic melts 
related by up to 45% fractionation, which when keyed to (super 238) U- (super 230) Th crystallization  ages, dates the accumulation and 
differentiation  of a voluminous  silicic magma  over an approximately 150,000 year interval.  Chevkinites from postcaldera rhyolite at 
Yellowstone yield apparent (super 238) U- (super 230) Th ages that 1) fall within range of crystallization  ages for coexisting  zircon and 
2) correlate with the compositional  variations  recorded  by single crystals. 
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several MeV, part of which is transferred to the daughter-nucleus as recoil-energy ( approximately  10 keV). The alpha-recoil nucleus 
slows down when interacting  with the lattice atoms producing  approximately  103 lattice defects which equals one single alpha-recoil 
track. A model is proposed  for the accumulation of alpha-recoil tracks (ART) in micas (Gogen  & Wagner,  1999). The age equation 
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is determined from the linear increase  of the area density of etched tracks as a function  of the etching time, and can be derived 
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Abstract  Laser probe (super 40) Ar/ (super 39) Ar dating of quartz phenocrysts with rhyolite glass inclusions  from the Bishop Tuff air-fall and 

ignimbrite deposits reveals that the Long Valley magma  system existed as a long-lived silicic magma  chamber throughout  most of 
the Pleistocene. Sanidine phenocryst  and matrix glass analyses  show that the Bishop Tuff eruption occurred at 759+ or -1 to 761+ or 
-1 ka. Initial and radiogenic  Ar isotope ratios indicate isotopic equilibrium between  the sanidine phenocrysts and their host melt at the 
time of eruption. The quartz phenocrysts,  in contrast, the most abundant  phenocryst  phase of the Bishop rhyolite,  crystallized, 
trapped their glass inclusions, and became a closed system with respect to Ar at 1.89+ or -0.03 to 2.3+ or -0.3 Ma. Consequently,  the 
Bishop rhyolite magma  already resided in the Long Valley basement  and had formed most of its quartz phenocrysts approximately 
1.1 m.y. before its principal eruption, providing important  constraints on the longevity  of large silicic magma  chambers. 
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Abstract  High-resolution paleomagnetic  records  from two sites near Pringle Falls, Oregon, are compared  with similar records  from Summer 

Lake, Oregon, approximately  170 km to the southeast:  Paoha Island, in Mono Lake, approximately  660 km to the southeast  and 
Benton Crossing, in Long Valley, approximately  700 km to the southeast,  in east-central California. The sequences at Pringle Falls 
contain a distinctive  coarse pumice-lapilli tephra layer which we have dated as 218+ or -10 ka by (super 40) Ar/ (super 39) Ar step- 
heating of plagioclase feldspar.  Stratigraphically,  this tephra is closely associated  with a suite of several other tephra layers that 
bracket the interval studied paleomagnetically.  Each tephra layer is distinguished  by the unique chemical  composition  of its volcanic 
glass shards. The pumice layer dated at Pringle Falls is correlated  with layers at three of the other localities.  Using all the tephra 
layers, we can correlate the lake stratigraphic sequences and associated  paleomagnetic  records  among the four distant localities. 
Additional age control is obtained  from a fifth locality at Tulelake  in northern California,  where the stratigraphic interval of interest is 
bracketed between approximately  171+ or -43 and approximately  140 ka. Characteristics  of the paleomagnetic  records  indicate 
virtually identical  paleofield  variation, particularly the geometry of a normal to normal (N-N) geomagnetic polarity episode. The 
observed paleofield  behavior resembles  the Blake geomagnetic polarity episode, but is significantly older than the generally accepted 
age of the Blake episode. Either the age of the Blake episode  is significantly  underestimated,  or the polarity episode  documented here 
is older, perhaps the Jamaica episode, or is an as yet unreported episode. A corollary  of the latter option is that paleomagnetic polarity 
episodes  of different ages may have similar transition polar paths, a conclusion  implying  that a common  mechanism is involved. 
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Abstract The question of whether a pluvial lake existed in Fish Lake valley, Nevada and California,  has been debated for more than 100 yr. 
New  stratigraphic evidence  indicates  that a lake did exist in this valley at intervals during late Pliocene  to middle Pleistocene time. This 
lake may have drained northward,  or it may have been periodically contiguous with a pluvial lake to the north in Columbus  Salt Marsh. 
Proof of the existence of this lake, informally  named Pluvial Lake Rennie, is derived from three principal outcrops  of shallow - water 
deposits,  two outcrops  of deep-water deposits,  and several drilling logs. The deposits con- tain beds of silicic tephra, which provide age 
control. On the basis of thickness,  grain size, major -oxide chemistry  of glass shards, and paleomagnetism,  three of the shallow -water 
deposits,  including  deltaic(?), beach, and siliceous hot-spring sediments, consist mainly of Bishop ash derived from the 
0.77 Ma eruption of the Long Valley caldera. A fourth shallow -water deposit(?) is associated with approximately  1 Ma Glass 
Mountain  tephra beds. The exposed deep-water deposits consist of green claystone,  siltstone, and fine-grained sandstone  containing 
tephra derived from the eruptions  of the approximately 2.1 Ma tuff of Taylor Canyon and the approximately  2.0 Ma Huckleberry  Ridge 
Tuff. The drilling logs record numerous  thick beds of clay and sandy clay inferred to be deep-water lacustrine  deposits.  Pluvial Lake 
Rennie fluctuated  in size and depth beginning  prior to 2 Ma and continuing  until sometime  after 0.77 Ma. At about 0.77 Ma, the lake 
had a highstand  at an elevation  of approximately  1,460 m, covered an area of 400 -500 km (super 2) , and had a maximum  depth of 
approximately 250 m. The lake level dropped  just after the eruption of the Bishop ash, but the lake may have persisted at a lower level  
until approximately  0.5 Ma. No large, long- lived lake existed in Fish Lake valley in late Pleistocene time, probably  due to the 
increasing rain -shadow  effect caused by the relative uplift of the White Mountains  and Sierra Nevada in the Pleistocene. These results 
indicate that the late middle to late Pleistocene history of Pluvial Lake Rennie is similar to that of Lake Tecopa  but is quite different 
from those of Lake Lahontan  and Searles Lake. 
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Abstract  Age spectra for microclines separated  from samples obtained  within the thermal aureole  of the conduit to Obsidian  Dome are compared 
with those from a reference  sample collected  in an area removed from the thermal effects of intrusion. The age spectra are characterized 
by a zero-age plateau at low fractional release and by an approximately  80 Ma plateau at higher fractional releases. These plateaus  
correspond to subparallel arrays in the Arrhenius  data. These arrays are attributed  to two discrete  diffusion domain size fractions  
characterized  by identical  activation  energies  but by discrete  and different frequency  grain size fractions (Lovera et al., 
1989).  The relative losses of (super 40) Ar* do not show a systematic  pattern when compared on the basis of total (super 40) Ar* 
loss. The (super 40) Ar* losses first increase and then fall with distance from the contact.  However, when the data composing the 
high-temperature array of the Arrhenius  data are considered  (the large diffusion domain size fraction), the pattern is consistent  with 
that predicted  by conductive  heating of the aureole. This agreement requires the aureole to have been uniformly preheated  to a 
temperature of approximately  250 degrees C prior to intrusion of the rhyolite dike and surrounding breccia funnel that make up the 
vent structure.  Further,  the data require that the material forming the breccia funnel must have been heated to a temperature 
approaching that of the magma prior to emplacement.  Copyright  1990 by the American  Geophysical  Union. 
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Abstract  Paleomagnetic  measurements  and K -Ar age determinations  on volcanic rocks from Long Valley caldera, California,  have enabled 
further refinement  of eruptive activity within this large silicic volcanic center. K -Ar age determinations  show that postcaldera volcanic 
eruptions began 0.73 m.y. ago and continued  periodically until about 50,000 years ago. The eruptions  were not temporally  random but 
tended to occur in distinct episodes  separated  by periods of quiescence.  Volcanism  in the western  half of the caldera was particularly 
intense between  0.15 and 0.50 m.y. ago, when many units ranging in composition  from basalt to rhyolite were erupted. An average of 
the virtual geomagnetic poles for 33 units from the caldera yields a paleomagnetic  pole at 89.7 degrees N, 138.4 degrees E, (alpha 
(sub 95) = 5.1 degrees ), which is indistinguishable  from the earth's rotational  axis. The ancient geomagnetic field dispersion about this 
mean pole is 16.0 degrees , with upper and lower limits of 19.3 degrees and 13.6 degrees , respectively. 
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Abstract  The Glass Mountain  volcanic complex represents  the oldest rhyolites of the Long Valley magma  system. At least 30 high-silica 
rhyolites erupted in two major episodes:  a minimum of 4.8 km (super 3) (DRE) of lava erupted sporadically between  2.1 and 1.2 Ma, 
and a minimum of 10.5 km (super 3) erupted at a greater volumetric  rate 1.1-0.8 Ma. The rhyolite complex was truncated  as a result of 
caldera collapse  on eruption of the Bishop Tuff at 0.73 Ma. Early Glass Mountain  lavas are biotitebearing  and were cooler and less 
fluid  than later ones, some of which contain pyroxene.  This correlates  with a crude, long-term trend with time toward less evolved 
rhyolite compositions;  all Glass Mountain  lavas are more evolved than the late-erupted Bishop Tuff. A large, integrated, 
magma  chamber may not have been present until approximately  1.1 Ma, as evidenced  by the greater chemical  homogeneity of lavas of 
the younger eruptive episode. Glass Mountain  is flanked by a pyroclastic  apron containing  ash-flow tuffs and pumice fall deposits, and 
correlatives of some of the latter have been found as far away as Ventura  County, California, and Beaver County, Utah. Explosive 
activity occurred throughout  the eruptive history of Glass Mountain  and is not restricted  to more evolved compositions. Although apparent 
volumetric eruptive rates increased  about six fold after 1.1 Ma, the eruptions  apparently were not large enough to depressurize the 
magma  chamber and initiate a caldera-forming eruption. As Long Valley is a tectonically active area, release of pressure on the magma 
chamber due to rupture along the Hilton Creek -Hartley  Springs fault zone seems the most likely mechanism  for triggering  the 
catastrophic eruption of the Bishop Tuff. 
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of the Bishop tuff. Subsequent  intracaldera volcanism  included eruption of (1) aphyric rhyolite 0.68-0.64 m.y. ago during resurgent 
doming of the caldera floor, (2) porphyritic  hornblende -biotite rhyolite from centers peripheral  to the resurgent dome at 0.5, 0.3, and 
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Abstract  Joint measurements  of ground deformation and micro-gravity changes  are an indispensable  component for any volcano 
monitoring  strategy. A number of analytical  mathematical  models are available  in the literature that can be used to fit geodetic 
data and infer source location, depth and density. Bootstrap  statistical  methods  allow estimations  of the range of the inferred 
parameters.  Although analytical models often assume  that the crust is elastic, homogenous and isotropic,  they can take into 
account  different source geometries, the influence  of topography, and gravity background  noise. The careful use of analytical 
models,  together with high quality data sets, can produce valuable insights into the nature of the deformation/gravity source. 
Here we present a review of various modeling methods,  and use the historical  unrest at Long Valley caldera (California)  from 
1982 to 1999 to illustrate the practical application  of analytical  modeling and bootstrap  to constrain the source of unrest. A key 
question is whether the unrest at Long Valley since the late 1970s can be explained without calling upon an intrusion of 
magma. The answer,  apparently, is no. Our modeling indicates  that the inflation source is a slightly tilted prolate ellipsoid (dip 
angle between 91 degrees and 105 degrees ) at a depth of 6.5 to 7.9 km beneath the caldera resurgent dome with an aspect 
ratio between  0.44 and 0.60, a volume change from 0.161 
to 0.173 km (super 3) and a density of 1241 to 2093 kg/m (super 3) . The larger uncertainty  of the density estimate  reflects 
the higher noise of gravity measurements.  These results are consistent  with the intrusion of silicic magma  with a significant 
amount of volatiles beneath the caldera resurgent dome. 
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Abstract The Long Valley caldera (California)  formed approximately  760,000 yr ago following the massive  eruption of the Bishop Tuff. 

Postcaldera  volcanism  in the Long Valley volcanic field includes  lava domes as young as 650 yr. The recent geological  unrest is 
characterized by uplift of the resurgent  dome in the central section of the caldera (75 cm in the past 33 yr) and earthquake activity 
followed by periods of relative quiescence.  Since the spring of 1998, the caldera has been in a state of low activity. The cause of unrest 
is still debated, and hypotheses range from hybrid sources  (e.g., magma with a high percentage of volatiles)  to hydrothermal fluid 
intrusion. Here, we present observations  of surface deformation in the Long Valley region based on differential synthetic aperture radar 
interferometry  (InSAR),  leveling,  global positioning  system (GPS), two-color electronic  distance meter (EDM), and microgravity data. 
Thanks to the joint application  of InSAR and microgravity data, we are able to unambiguously determine  that magma is the cause of 
unrest. 
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Abstract  Time-dependent gravimetric  measurements  can detect subsurface  processes  long before magma  flow leads to earthquakes  or other 
eruption precursors. The ability of gravity measurements  to detect subsurface  mass flow is greatly enhanced  if gravity measurements 
are analyzed  and modeled  with ground-deformation data. Obtaining  the maximum  information from microgravity  studies requires careful 
evaluation  of the layout of network  benchmarks, the gravity environmental  signal, and the coupling between gravity changes  and 
crustal deformation. When changes  in the system under study are fast (hours to weeks), as in hydrothermal systems and restless 
volcanoes,  continuous gravity observations  at selected sites can help to capture  many details of the dynamics of the intrusive sources. 
Despite the instrumental effects, mainly caused by atmospheric temperature,  results from monitoring at Mt. Etna volcano show that 
continuous measurements  are a powerful tool for monitoring and studying volcanoes.  Several analytical  and numerical mathematical 
models can be used to fit gravity and deformation data. Analytical  models offer a closed-form description of the volcanic source. In 
principle,  this allows one to readily infer the relative importance of the source parameters.  In active volcanic sites such as Long Valley 
caldera (California, U.S.A.) and Campi Flegrei (Italy), careful use of analytical  models and high-quality data sets has produced  good 
results. However, the simplifications  that make analytical  models tractable might result in misleading  volcanological interpretations, 
particularly when the real crust surrounding the source is far from the homogeneous/isotropic assumption. Using numerical models allows 
consideration  of more realistic descriptions  of the sources  and of the crust where they are located (e.g., vertical and lateral mechanical 
discontinuities,  complex source geometries,  and topography). Applications at Teide volcano (Tenerife)  and Campi Flegrei demonstrate 
the importance of this more realistic description in gravity calculations. 
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Abstract This paper presents  a comprehensive  overview  of the surface deformation retrieval capability of the Differential  Synthetic  Aperture 

Radar Interferometry  (DInSAR)  algorithm,  referred  to as Small BAseline  Subset (SBAS) technique,  in the context of active volcanic 
areas. In particular, after a brief description of the algorithm  some experiments relevant to three selected case-study areas are presented. 
First, we concentrate  on the application  of the SBAS algorithm to a single-orbit scenario, thus considering a set of SAR data composed 
by images acquired  on descending orbits by the European  Remote  Sensing (ERS) radar sensors  and relevant to the Long Valley 
caldera (eastern  California)  area. Subsequently,  we address the capability  of the SBAS technique  in a multiple-orbit context by referring 
to Mt. Etna volcano (southern  Italy) test site, with respect to which two different ERS data set, composed  by images acquired  both on 
ascending  and descending orbits, are available. Finally, we take advantage of the capability  of the algorithm to work in a multi-platform 
scenario  by jointly exploiting two different sets of SAR images collected  by the ERS and the Environment Satellite (ENVISAT)  radar 
sensors  in the Campi Flegrei caldera (southern  Italy) area. The presented  results demonstrate the effectiveness of the algorithm  to 
investigate  the deformation field in active volcanic areas and the potential of the DInSAR methodologies with in routine surveillance 
scenario. 



Long Valley Caldera, California

74

 

 

 
 

Publication  Year   2008 
 

Publication  Type   Serial; Conference document; Analytic 
 

Country of Publication    Italy (ITA) 
 

Accession  Number    2009-076909 
 
 

7. Database   GeoRef 
 

Title     The search for magma reservoirs in Long Valley Caldera; single versus distributed sources 
 

Author Battaglia, M; Vasco, D W 
 

Affiliation University  of Goettingen, Department  of Structural  Geology and Geodynamics,  Goettingen,  Federal Republic of Germany  (DEU) 
 

Affiliation University  College London, United Kingdom  (GBR); University  of California  at Berkeley, United States (USA) 
 

Monograph  Title   Mechanisms of activity and unrest at large calderas 
 

Editor    Troise, Claudia;  De Natale, Giuseppe;  Kilburn, Christopher R J 
 

Affiliation Istituto Nazionale  di Geofisica  e Vulcanologia,  Osservatorio  Vesuviano, ITA, (Italy) 
 

Source Geological  Society Special Publications,  vol.269,  pp.173-180, 2006 

Publisher Geological  Society of London, London, United Kingdom  (GBR) 
 

Abstract  Long Valley Caldera  and the Mono -Inyo Craters chain form a large volcanic complex in eastern California  that has experienced 
persistent earthquake activity and ground uplift over the past 25 years. The central part of Long Valley Caldera  (an area of more than 
100 square km) has been slowly rising since 1980 at an average rate of 3 cm a (super -1) . Inversion of micro-gravimetry and 
deformation data using a single vertical prolate ellipsoid source has helped to define the existence of a relatively  shallow  (5-8 km) 
silicic magma  intrusion of 0.11-0.19 km (super 3) beneath the caldera's resurgent  dome. We use the information from the single- 
source inversion  to constrain a more general three-dimensional distribution of volume changes  in the subsurface. The distributed 
inversion identifies  two main inflation areas beneath the resurgent  dome: one following the regional trend of north-south faults, and 
another in the dome's southern section, parallel to a strike-slip fault that is responsible for most of the seismic  activity in the caldera's 
south moat. 
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Abstract  In Northern California  the structural  evolution  and long term slip rates of the right-stepping  Rodgers  Creek -Maacama  Fault system 
during and following Neogene volcanism  along the east side of the wide transform  plate boundary  are constrained by tephrochronology 
and (super 39) Ar/ (super 40) Ar dating, integrated  with geologic mapping  and aeromagnetic and gravity data. Pliocene and younger 
slip on the Maacama  Fault is constrained by offset of a geochemically  distinct suite of silicic tephra deposits in the Sonoma Volcanics 
that erupted at 3.4-2.5 Ma from a caldera centered over Mount St. Helena in NW Napa Valley. (super 39) Ar/ (super 40) Ar ages and 
tephra geochemistry  show that a section of the Mount St. Helena eruptive sequence  and underlying  gravels exposed on the SW side 
of the Maacama  Fault Zone along the Geysers-Healdsburg Road, is offset right-laterally approximately  17 to 
21 km from the Franz Valley area east of the fault zone, yielding a slip rate of approximately  6.0 + or - 0.7 mm/yr since approximately 
3.2 Ma. Stratigraphically  high dispersed  tephra in synclinally-folded fluvial deposits in the Santa Rosa area correlate with the 1.2-0.8 
Ma Bishop-Glass Mountain  eruptive sequence  of Long Valley. Flat -lying late Pleistocene and Holocene alluvium  that overlies the 
folded strata was deposited  in a pull-apart basin in the right step between  the Rodgers  Creek and Maacama  Faults. Slip on the 
Maacama and Rodgers  Creek Faults that accompanied  formation  of the pull-apart basin ( approximately  5 km for the Maacama  Fault 
and approximately  6 km for the Rodgers  Creek Fault, as indicated from basin geometry)  yields a slip rate of approximately  5.3 + or - 
1.1 mm/yr for the Maacama  Fault and approximately  6.3 + or - 1.3 mm/yr for the Rodgers Creek Fault since 1.2-0.8 Ma. Possible 
earlier slip at a slower rate on the Rodgers Creek Fault Zone is suggested  by a unique sequence  of volcanic and sedimentary rocks, 
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including coarse rhyodacite-sourced fault scarp breccia,  deposited  along a strike-slip fault basin margin (Cotati Basin). Together  with 
the axis of a prominent  antiform, these rocks are offset approximately  28 km right-laterally along the Rodgers  Creek Fault Zone. (super 
39) Ar/ (super 40) Ar ages of the rhyodacitic  rocks are approximately  7.3 to 8.2 Ma, and fluvial deposits (Petaluma  Formation) 
west of the fault that overlie the fault scarp breccia include the 6.26 Ma Roblar Tuff. About 22 km of slip on the fault between  1.2 and 
6.3 to 7.3 Ma, yields a slip rate of approximately  4.0 + or - 0.4 mm/yr, much lower than rates since 1.2 Ma. 
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Abstract  We model the source of inflation of Long Valley caldera by combining  geodetic and micro-gravity data. Uplift from GPS and leveling, 

two-color EDM measurements,  and residual gravity change determinations  are used to estimate  the intrusion geometry,  assuming  a 
vertical prolate ellipsoidal  source. The U.S. Geological  Survey occupied  the Long Valley gravity network  six times from 1980 to 
1985.  We reoccupied  this network  twice, in the summer of 1998 (33 stations), and the summer of 1999 (37 stations). Before gravity 
data can be used to estimate  the density of the intrusion, they must be corrected  for the effect of vertical deformation (the free-air 
effect) and changes  in the water table. We use geostatistical techniques to interpolate uplift and water table changes  at the gravity 
stations. The inflation source (a vertical prolate ellipsoid)  is located 5.9 km beneath the resurgent  dome with an aspect ratio equal to 
0.475, a volume change from 1982 to 1999 of 0.136 km (super 3) and a density of around 1700 kg/m (super 3) . A bootstrap  method 
was employed  to estimate  95% confidence bounds for the parameters  of the inflation model. We obtained  a range of 0.105 -0.187 km 
(super 3) for the volume change, and 1180-2330 kg/m (super 3) for the density. Our results do not support hydrothermal  fluid 
intrusion  as the primary cause of unrest, and confirm the intrusion of silicic magma  beneath Long Valley caldera. Failure to account 
for the ellipsoidal  nature of the source biases the estimated  source depth by 2.9 km (a 33% increase),  the volume change by 0.019 
km (super 3) (a 14% increase)  and the density by about 1200 kg/m (super 3) (a 40% increase). 
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Abstract Quaternary volcanic unrest has provided  heat for episodic  hydrothermal  circulation  in the Long Valley caldera, including  the present 
- day hydrothermal  system, which has been active over the past 40 kyr. The most recent period of crustal unrest in this region of east- 
central California  began around 1980 and has included periods of intense seismicity  and ground deformation. Uplift totaling more 
than 0.7 m has been centered on the caldera's resurgent  dome, and is best modeled  by a near -vertical  ellipsoidal  source centered at 
depths of 6-7 km. Modeling of both deformation and microgravity data now suggests  that (1) there are two inflation sources  beneath 
the caldera, a shallower  source 7-10 km beneath the resurgent  dome and a deeper source approximately 15 km beneath the 
caldera"s south moat and (2) the shallower  source may contain components of magmatic  brine and gas. The Long Valley Exploration 
Well (LVEW), completed  in 1998 on the resurgent  dome, penetrates  to a depth of 3 km directly above this shallower source, but 
bottoms in a zone of 100 degrees C fluid with zero vertical thermal gradient. Although  these results preclude extrapolations of 
temperatures at depths below 3 km, other information obtained  from flow tests and fluid sampling  at this well indicates the presence 
of magmatic  volatiles and fault-related permeability within the metamorphic basement  rocks underlying  the volcanic fill. In this paper, 
we present recently  acquired  data from LVEW and compare them with information from other drill holes and thermal springs in Long 
Valley to delineate the likely flow paths and fluid system properties  under the resurgent dome. 
Additional  information from mineralogical assemblages in core obtained  from fracture zones in LVEW documents  a previous period of 
more vigorous  and energetic  fluid circulation  beneath the resurgent  dome. Although  this system apparently died off as a result of 
mineral deposition and cooling (and/or deepening) of magmatic  heat sources,  flow testing and tidal analyses  of LVEW water level 
data show that relatively  high permeability and strain sensitivity  still exist in the steeply dipping principal fracture zone penetrated  at a 
depth of 2.6 km. The hydraulic properties  of this zone would allow a pressure change induced  at distances of several kilometers 
below the well to be observable  within a matter of days. This indicates  that continuous fluid pressure monitoring in the well could 
provide direct evidence  of future intrusions  of magma  or high-temperature fluids at depths of 5-7 km. 
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Abstract  Late Miocene  fluvial, fluvial-deltaic, and lacustrine  sediments  of the Hallelujah  Formation record the depositional  and deformational 
history in the Long Valley, CA (Hallelujah  Junction) area. Deposition  of Hallelujah  Formation  started before 8.0 Ma and continued into 
the Blancan (5.03-2.68) Ma. Age control for the Hallelujah  Formation  is based on tephrochronology  and mammalian fossils. Granitic 
boulder conglomerates  within the section are monolithologic  and immature.  They record significant  periods of active tectonism during 
deposition. The Long Valley section dips west and is bounded by faults to both the east and west. The Diamond Mountain fault, on the 
west, is a north-striking, east-dipping normal fault. The eastern basin boundary  is an unnamed  north-striking fault with dextral -normal 
displacement.  This suggests  that post-depositional deformation occurred in a transtensional setting. Gravity profiles across the basin 
constrain the thickness  of the Neogene section and the offset on basin-bounding faults. Modeling based on gravity and borehole data 
suggests  a total stratigraphic thickness  of approximately  3500 meters. The Diamond  Mountain  fault is modeled to have a total 
displacement of up to 2500 meters. The unnamed  fault bounding Petersen  Mountain  shows at least 500 
meters of west-side -down offset. This indicates  as much as 550 meters of section could be present below the 8 Ma tephrochronology 
date within the lower member  of the Hallelujah Formation.  The tectonic record in the Neogene sedimentary rocks in Long Valley differs 
from nearby Neogene basins in the Sierra Nevada-Basin and Range transition zone. Boulder sheets within the section reveal 
2-3 distinct periods of active tectonism  between  8.0 and (5.03-2.68) Ma. Correlation  of paleocurrent data with volumetric  distribution  of 
the boulder sheets suggests  a northwest source direction for boulders  in the upper section. Boulder sheets in the lower section depict 
an ambiguous  east-west source direction. This suggests  geographic distribution of faulting with time. Although  Long Valley appears to 
be a west-tilted half graben, there is significant faulting along its eastern edge as well, and this faulting includes  both strike-slip and dip - 
slip components. 
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Abstract  One of the fundamental  questions  in modern volcanology is the manner in which a volcanic eruption is triggered; the intrusion of fresh 

magma into a reservoir is thought to be a key component.  The amount by which previously  ponded reservoir magma  interacts with a 
newly intruded magma  will determine  the nature and rate of eruption as well as the chemistry  of erupted lavas and shallow  dykes. 
The physics of this interaction  can be investigated  through a conventional  monitoring procedure that incorporates  the simple and much 
used Mogi model relating ground deformation (most simply represented  by Delta h) to changes in volume of a magma reservoir. Gravity 
changes  (Delta g) combined  with ground deformation provide information on magma  reservoir mass changes. Our models predict how, 
during inflation, the observed Delta g/Delta h gradient will evolve as a volcano develops  from a state of dormancy through unrest into a 
state of explosive  activity. Calderas  in a state of unrest and large composite volcanoes  are the targets for the methods  proposed  here 
and are exemplified  by Campi Flegrei, Rabaul, Krafla, and Long Valley. We show here how the simultaneous measurement  of 
deformation and gravity at only a few key stations can identify important  precursory processes  within a magma  reservoir prior to the 
onset of more conventional eruption precursors. 
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Abstract  Volcanic  activity produces  deformation and gravity changes  that many times can be used as precursors  of future eruptions.  Applying 

geodetic techniques to monitoring activity involves interpretation  using deformation models.  Usually gravity change data and 
displacement data are interpreted  separately.  We show, using modeling of deformation and gravity change data in Long Valley Caldera, 
California,  USA, that this can lead to incorrect  interpretations.  The results obtained  show that displacements  and gravity changes must be 
interpreted  together whenever  possible  and that elastic -gravitational models can be a far more appropriate approximation to problems of 
volcanic load in the crust than the more commonly  used purely elastic models.  Therefore  it is necessary  to change the philosophy 
normally  used to interpret geodetic  observations,  improving  the possibility  of predicting  future eruptions. Copyright 2001 by the American 
Geophysical  Union. 
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Abstract     Over the past two decades at Mammoth  Mountain  and in the western  moat of Long Valley caldera, in the eastern Sierra Nevada of 

California, shallow  earthquake swarms, CO (sub 2) -saturated  soils causing areas of treekill, and He-emissions with >5 Ra have been 
attributed  to the intrusion of magma  to shallow  depths in the crust. Given the close proximity  of Mammoth Mountain  to the resort 
town of Mammoth  Lakes an accurate  assessment  of volcanic hazards is critical. To this end a three-part study was initiated: (1) 
computer  modeling of the extent of lahars and block -and -ash flows of a range of volumes during an eruption of Mammoth Mountain, 
(2) a (super 40) Ar/ (super 39) Ar dating study of a possible  temporal and spatial correlation of past mafic and silicic eruptions, and (3) 
a petrographic and petrologic  study to better understand what types and styles of future eruptions  are to be expected in the region. 
Hazards from gravity-driven flows at Mammoth  Mountain  are evaluated  due to the recent activity being focused beneath the 
mountain.  The extent of hazards from block -and -ash flows around Mammoth  Mountain  is evaluated  by implementing the Energy Cone 
Model of Sheridan (1980) into a Geographical  Information System. Similarly, hazards due to lahars are also evaluated  around 
Mammoth  Mountain  using the valley-inundation model of Iverson et al. (1998). The results show that the town of Mammoth  Lakes is 
threatened  by moderate-volume  (1X10 (super 6) m (super 3) ) block -and -ash flows and that even small - volume lahars (1X10 (super 
5) m (super 3) ) could reach the town due to their more fluid nature. A (super 40) Ar/ (super 39) Ar study of the youngest units in and 
adjacent to the western  third of the caldera was undertaken. The results show that the bulk of Mammoth 
Mountain  consists of trachydacitic lavas erupted at approximately  67 ka. These ages and our 29-40 ka ages for trachydacitic lavas in 
the northwest  quadrant  of the caldera indicate that these silicic lavas are considerably  younger than previously  thought. The mafic and 
silicic eruptions  are temporally  and spatially correlated  and can be divided into four eruptive sequences over the past 160,000 years: 
the western  moat sequence  ( approximately  160 ka), the Mammoth  sequence  ( approximately  119 -57 ka), the northwest 
caldera sequence  ( approximately  40-29 ka), and the Inyo trend sequence  ( approximately  6 ka-present). Mafic magmas  vented widely 
and contemporaneously with felsic lavas throughout  the western  third of the caldera, suggesting that it cannot have been underlain by 
a large body (or bodies) of silicic magma  in the last 160,000 years, which otherwise  would have created  a "shadow 
zone" for the rise of denser basaltic magma. To understand the type(s) of future eruptions  in the Long Valley region, it is important  to 
assess and describe past volcanism  and magmatic interactions. The silicic volcanic rocks of the areas in and adjacent to the western 
third of Long Valley caldera can be divided into fifteen distinct units based on location, mineral assemblage and mineral abundance. 
Many of the lavas are complex mixtures of multiple magmas,  with evidence  in the form of magmatic  inclusions, compositional banding, 
microdioritic inclusions, strongly  resorbed  phenocrysts,  fritted plagioclase jacketed by intact rims of plagioclase or sanidine similar in 
composition  to unresorbed  phenocrysts,  and xenocrystic phases.  The silicic volcanics  contain plagioclase with resorbed calcic cores and 
intact, more albitic rims, suggesting that the cores were derived from a more mafic magma. Large changes  in barium concentrations at 
core-rim boundaries suggest  that Ba could be a useful monitor of magma  mixing. Two suites of silicic lavas coexisted 
for at least the past 110 ka: (1) trachydacites and alkali rhyolites associated  with Mammoth  Mountain,  and (2) less alkalic trachydacites 
and rhyolites all containing  phenocrysts of potassic  sanidine in lavas north and northeast  of Mammoth  Mountain, including the Inyo 
lavas. Electron  microprobe data and sparse chemical  data suggest  that the Mammoth  Mo untain suite consists chiefly of mixtures  of 



Long Valley Caldera, California

81 

 

 

 
 

differentiation  products  of the local mafic lavas. The potassic -sanidine-bearing  suite contains a contribution from these same magmas, 
but they also contain components derived from magma  bodies related to the residual  Long Valley magma chamber. This latter 
component,  solidified or very nearly so, is available  for eruption only where it is remobilized by intrusion of 
basaltic magma  along the north-south Inyo trend. The knowledge  that mafic and silicic eruptions have been contemporaneous  and 
have interacted  at Long Valley caldera for the past 160,000 years has implications  for volcanic hazards.  The unrest of the last two 
decades may be the result of basalt injected beneath Mammoth  Mountain  and the caldera and, considering the correlation of mafic 
and silicic eruptions  in the past, the potential for spatially associated  silicic eruptions  exists, which could be considerably  more 
explosive. 
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Abstract  Precise  measurements  of local magnetic fields have been obtained  with a differentially  connected  array of three proton 
magnetometers in the Long Valley caldera region since 1984. Two magnetometers  are located inside the caldera with a third 
reference magnetometer  located 26km southeast  of the caldera. After correction  for secular variation, it is apparent  that an 
anomalous 2 nT decrease  in the magnetic field occurred from mid-1989 to mid-1990 at the magnetometer  located closest to the 
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data. If this same model is used to calculate piezomagnetic  fields in the caldera, the results obtained  agree with the observed  local 
magnetic field data provided  the Curie point isotherm  is at a depth of < or =5km. Taken together,  these magnetic,  seismic  and 

geodetic  data suggest  that an episode  of active magmatic  intrusion occurred from late 1989 to mid-1990 at a depth of about 7-8km 
beneath the resurgent  dome within the Long Valley caldera. Other indications  of this intrusion should be evident in measurements  of 
leveling, local gravity, and seismic  imaging  data. Copyright  1991 by the American  Geophysical  Union. 
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Abstract  In 1982 and 1984 the U.S. Geological  Survey used several seismic  networks,  totaling over 90 stations, to record teleseismic P waves 
and measure travel time residuals  in an area centered on the Long Valley caldera. We inverted the travel time residuals  to obtain a 
three-dimensional  image of the velocity  structure with resolution  of 5-6 km to depths of 70 km beneath the array. Direct inversion  of these 
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Craters  and refractory  upper mantle residuum  beneath Long Valley. The high eruptive rate of the Mono Craters and these upper 
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Abstract  Applications of geophysical measurements  in the study of molten or partially molten bodies of magma, as well as of cooler masses of in 
situ magmatic  rocks, of complex subvolcano systems,  and of the crustal structure of regions of active magmatism have increased 
significantly in the past 25 years. A brief review of the successes and failures of such efforts is presented,  based on published  case 
studies, on theoretical  considerations  of the geophysical properties  of magma  and magmatic  rocks (in terms both of the absolute values of 
such properties  and relative to those of the country rocks in which the magma  was emplaced), and on the viability of different geophysical  
techniques applied in attempts  to answer specific questions  raised by geologists  engaged in the study of volcanoes or magmatic  systems.  
The ultimate  success of geophysical interpretation  in such studies is dependent  on the ability to detect, sort and correctly  interpret  signals  
arising from, or affected by, a variety of phenomena: the actual presence  of magma, itself; the geometric configuration of the magma  
body; properties  of the magma  owing to its physical state (e.g., cooling, thermally stable, or warming; 
moving,  or at rest; convecting  or non -convecting; etc.); the presence  or absence of vigorous hydrothermal  circulation  in the region around  
and above the magma  mass; the presence  or absence of a rock alteration  shroud around the body, which may be present whether the 
body is hot or has cooled to an ambient regional temperature;  and the presence  or absence  of emplacement - related, localized fracture  
systems  in the country rock nearby or deformation in the region of the body arising from the added effect of far -field stresses.  Much of 
what can be detected  geophysically  at the surface is thus significantly influenced  by processes  and phenomena in the shallow  crust.  
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certainty  of interpretation  is sometimes a function  of the availability  of a variety of other information bearing on the specific  problem 
that is to be solved. Some convincing  case histories are presented  in which the viability of the use of geophysical data is demonstrated 
and its interpretation  independently confirmed. Studies  examined  here include gravity investigations,  magnetics,  active and passive 
seismic  studies and seismic  signal delays, electrical  methods,  thermal gradient measurements  and heat flow calculations, and surface 
deformation studies. Example sites include the Cascade  Range of western  North America; Hawaii Volcanoes National  Park, Hawaii; 
Long Valley, California;  San Juan Mountains, Colorado;  Rio Grande Valley, New Mexico; Yellowstone National  Park, Wyoming;  as 
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Abstract  Detailed  surface mapping,  subsurface  drill hole data, and geophysical modeling are the basis of a structural  and hydrothermal  model 

for the western  part of Long Valley caldera. Six fault zones are recognized  in the western  caldera with dominant  orientations of 
north, northwest, and northeast,  sub-parallel to regional fault trends in the surrounding Sierran basement. The internal structural 
geometry  of the cores of 12 exogenous  domes inside and outside the caldera suggests  that the domes erupted at the intersections of 
these principal fault trends rather than along the axis of a single dike. Gravity modeling and subsurface  data from deep geothermal 
wells indicate that the floor of the caldera is segmented into a number of discrete  fault blocks with varying offsets. One of the 
northeast  trending fault zones, designated  Discovery  fault in this paper, appears to be part of the original Sierran embayment  that 



Long Valley Caldera, California

88 

 

 

 
 

existed before caldera collapse.  Recent hydrothermal  alteration  occurs along Discovery  fault strands and composite  vertical offset of 
intracaldera volcanic units across the entire fault zone may be as much as 400 m. Field relationships, geophysical interpretations,  and 
interpretaions of drill hole data suggest  that this fault is a fundamental  flaw in the western  caldera. The preexisting tectonic 
framework  of the basement  rocks controlled  the configuration  of the western  caldera floor and, through it, the location  of postcollapse 
eruptive centers. These deep basement  structures  may also provide  the high fracture density  which controls  circulation  in the present 
geothermal system of Long Valley. 
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Abstract A 48-mGal gravity low coincides  with Long Valley caldera and is mainly attributed  to low -density  caldera fill. Gravity measurements 
by Unocal Geothermal  have been integrated  with U.S. Geological  Survey data, vastly improving  gravity station coverage  throughout  the 
caldera. A strong regional gravity trend is mainly attributed  to isostasy. A "best fitting" (based on regional control of basement densities) 
Airy-Heiskanen isostatic model was used for the regional correction. A three-dimensional, multiple-unit gravity modeling program with 
iterative capabilities was developed  to model the residual  gravity. The density structure of Long Valley caldera and vicinity was 
modeled  with 22 discrete  density units, most of which were based on geologic units. Information from drill hole lithologies,  surface 
geology, and structural geology  interpretations  constrain the model. Some important  points revealed  by the three- 
dimensional  gravity modeling are that (1) the volume of ejected magma  associated  with the Bishop Tuff eruption is greater than 
previously thought, (2) the caldera structure is strongly influenced  by precaldera  topography and the extensions  of major, active 
faults, (3) the main west ring fracture is coincident  with the Inyo Domes -Mono Craters fracture system, (4) a relatively  low -density 
region probably  underlies the caldera, and (5) a silicic magma chamber may underlie Devils Postpile. 
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Abstract  Long Valley caldera, in eastern California,  is a deep, basinlike feature bounded by steeply dipping normal faults having vertical offsets 
of at least several kilometers  and is largely filled with effusive volcanics  and lacustrine  deposits.  Interest in delineating its substructure 
has escalated  over the past decade for a number of reasons;  for example, there is increasing evidence  that patterns of recent seismicity 
and volcanism  may be controlled  by pre-existing basement  structures. In addition, the highly porous fill of the caldera basin forms the 
major hydrologic  element in the region. For these and other reasons,  characterizing  the subsurface geometry of Long Valley caldera is 
an important  objective  of current geophysical studies.This  paper reports a combined  gravity and magnetotelluric interpretation  which 
reveals a close similarity between  a simple 3-D gravity model and a telluric thin sheet interpretation. This underscores  the fact that both 
the gravity and the MT data are largely influenced  by the same geologic elements: the caldera fill, basement  topography, and the major 
boundary faults. Moreover,  as in earlier MT interpretations,  a conductive  zone is seen beneath the southwest  moat. In addition, 
however, because of new data, we now have evidence  for a buried resistive  ridge cutting across the main body of the caldera from the 
northwest  to the southeast  beneath the resurgent  dome. Interpreting  this resistive feature as a basement structural  "high" (that is, a 
horst block) is compatible with limited drilling data, and it appears to be the same feature that has been described  as a "central platform" 
from previous gravity studies. The presence  of such a horst may be fundamentally related to the structural  evolution of the resurgent 
dome. 

 
Publication  Year   1988 



Long Valley Caldera, California

89 

 

 

 

 
 

Publication  Type   Serial; Analytic 
 

Country of Publication    United States (USA) 
 

Accession  Number    1988-074076 
 
 

47. Database   GeoRef 
 

Title     Evidence for multiple boundary faults beneath the northwest moat of Long Valley Caldera; magnetotelluric 
results 

 
Author Hermance, John F; Neumann, Gregory A 

 
Affiliation Brown Univ., Dep. Geol. Sci., Providence, RI, United States (USA) 

 
Source Geophysical  Research  Letters, vol. 15, no. 12, pp.1437-1440, Nov 1988 

 
Publisher American  Geophysical  Union, Washington, DC, United States (USA) 

 
Abstract The boundaries of Long Valley Caldera, in Eastern California,  are sharply delineated  by steeply dipping normal faults which, for 

the most part, are buried and obscured  by recent volcanic and sedimentary cover. The only evidence  for their presence  is from their 
geophysical signatures  on regional gravity, seismic  and electromagnetic  surveys. Recently, a surge of interest has focused  studies 
in the western  moat, where the volcanism  is most recent, and where many workers  feel that the geothermal potential is highest.  A 
detailed, narrow-band (20-80 s) magnetotelluric  profile in that area has delineated  a parallel set of buried high angle normal faults which  
have virtually no expression at the surface. The outermost  fault has a throw of approximately  500 m, while the innermost  has a throw 
of approximately  2 km; neither has an expression in the surface morphology.  Moreover,  based on a relatively  low resistivity contrast 
between  the basement  and the basin fill, we infer a relatively  high fracture porosity  in the Sierran basement, which suggests that there  
may be considerable  lateral and vertical migration  of meteoric  water; a result which has considerable  significance  to understanding the 
regional hydrology. 
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Abstract Earthquake response  records  from the well-instrumented Long Valley Dam in the Mammoth Lake area of California  are compared 
with numerical  prediction  made using finite element models.  The soil response  to cyclic loading is accounted  for by the use of a multi- 
surface plasticity  model. The input and output to the finite element analyses  take the form of accelerations at the base and at various 
crest locations.--Modified journal abstract. 
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Abstract  In this review I describe results from experiments conducted  by the U.S. Geological  Survey in diverse volcanic  

environments  to image velocity  anomalies  in the crust and upper mantle using teleseismic P -wave residuals.  
The linear least-squares inversion technique  of Aki et. al. (1976, 1977) is extensively used in these studies. 
The seismic  models thus obtained  are synthesized with available  geologic and geophysical data to infer 
plausible models of magma genesis in these regions. The three-dimensional velocity  model beneath 
Yellowstone Plateau shows a large low -velocity  body of approximately  100 km diameter centered on the 
caldera and extending  from the crust to a depth of about 250 km. This is interpreted to be a massive magma 
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body which is responsible for the volcanism  during the past 2 m.y. in Yellowstone.  Teleseismic S -wave 
residuals, Raleigh-wave dispersion  data, heat-flow, gravity, Curie isotherm depths, and magnetotelluric  data, 
all support the 
existence  of a temperature near granite solidus beginning  at a depth of 5-10 km beneath the 
Yellowstone  caldera floor. In the Eastern Snake River Plain (ESRP) a low -velocity  anomaly is present in the 
upper mantle but not in the crust, leading to the speculation  that ESRP is the healed track of a northeast 
propagating volcanic center whose present position is Yellowstone. The seismic  model for the ESRP- 
Yellowstone volcanic system, though unable to distinguish between  different models of origin of the system, 
clearly shows that basaltic magma  rises from the mantle, melts the lithosphere  and yields massive  quantities 
of rhyolitic magma. The seismic velocity structure beneath Hawaii, an oceanic hot spot, shows a complex 
crustal structure with no evidence  for a large magma  chamber in the crust. in the asthenosphere  may be 
applicable  to Yellowstone and Hawaii, though the chemistry and volume of surface volcanism  is greatly 
different in the two areas. In all the six intra-plate silicic volcanic centers which we have probed using the 
teleseismic-residual  technique,  low - velocity anomalies, inferred as crustal magma  chambers  have been found.  
In at least one such volcanic center, Long Valley in California,  uplift and S -wave attenuation measurements  
support  that the magma  chamber delineated  by teleseismic residuals  is real. The suggestion of a root to the 
magma  chamber extending  into the upper mantle supports the geologic model for magma genesis in these 
centers, namely, infusion of basaltic magma from the asthenosphere  into the lithosphere 
and crust, and resulting  partial melting.  In contrast to the silicic volcanic centers, none of the andesitic 
Cascade volcanoes  show evidence for crustal magma chambers detectable using the teleseismic technique. 
Teleseismic-residual data in two volcanoes,  Newberry  in Oregon, and Medicine  Lake in California, show 
massive  high-velocity intrusions  in the crust beneath the volcano edifice. A high-resolution seismic  imaging 
experiment has revealed  the presence  of a low -velocity anomaly which could be a dike -like molten magma 
pocket within the high-velocity intrusive in Newberry  volcano. On a regional scale, the teleseismic residual 
experiments using long profiles have successfully delineated high-velocity anomalies, possibly related to 
subduction,  in the Oregon Cascades,  and a low -velocity  anomaly  due to asthenospheric  upwarp beneath the 
Rio Grande  Rift. 
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Abstract  Repeated,  high-precision gravity measurements.  Data were collected  at about 40 sites using three 
Lacoste -Romberg model G gravity meters. At the same time the U. S. Geological Survey was conducting 
a program of high-precision line length measurements 
throughout  the same area. Significant  changes  were observed  with both types of data during the intervals 
1982-1983 and 1983-1984. Previous work by us has shown that deformation  data during the interval 1975- 
1983 are consistent  with a model for the inflation of Long Valley Caldera  which includes  magma  injection 
beneath the south central caldera at a depth of only 5 km. Simultaneous inversion  of the trilateration and 
gravity data for the period 
1983-1984 shows that most of the previous model is still reasonably  consistent  with the data and implies 
injected volumes of between  0.01 and 0.02 km (super 3) . The total amount of uplift in the northwest  is small 
in comparison to the total uplift centered on the central resurgent dome. Several models,  one of which involves  
injection  at the base of the crust. This model implies much higher injected volumes,  as much as 
0.15-0.2 km (super 3) .-- Modified journal abstract. 
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Abstract  Geophysical  studies of the major boundary  fault(s) in eastern Long Valley caldera have led to significantly 

different models being proposed  for the subsurface  structure of this area. Pakiser originally  interpreted 
gravity data to propose a steep vertical offset across the eastern boundary  fault(s) which may be as great 
as 5 km. On the other hand, Hill employing  seismic refraction  data, and Abers, who reinterpreted  the 
available gravity data in the light of the "hard" seismic  constraints of Hill, suggested  that the offset across 
this fault may be much more gentle. However, new magnetotelluric  data may call for a revision of these 
models. Based on these recent MT results, offsets along the eastern boundary  fault appear 
to be somewhat  steeper  than recent models would suggest.  Our current thinking would favor a model more 
in keeping  with the one originally  envisaged  by Pakiser, but with less throw (approximately 2 km) across the 
faults. 
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Abstract  A review of gravity data reflecting shallow  concealed  structures on volcanoes  demonstrates that valuable 

information may be derived on the geological  development of such structures and on the dynamic evolution 
of active volcanoes.  To a first approximation,  all recorded examples of anomalous  gravity fields associated 
with volcanoes  are concentric  with and have sources  that lie within the volcanic edifice. Positive  anomalies 
with wavelengths less than 20 km and amplitudes up to ca. 30 mGal, characterise mainly basaltic volcanoes 
from various tectonic settings, and are caused by a relatively  dense intrusive complex/magma 

body which contrasts with its surroundings  either because the body is more mafic than average or, more 
likely, because near surface, previously  erupted materials are uncompacted. Negative anomalies  with 
wavelengths up to 100 km and amplitudes up to ca. 
60 mGal, occur over much larger volcanic calderas, many of which have erupted highly silicic pyroclastic 
ash and pumice; uncompacted  silicic caldera infill, with a possible contribution from low -density  magma 
bodies, is responsible for the observed anomalies.  There is some evidence  for a continuum  of gravity 
anomaly  types that corresponds  to the geological evolution  of volcanic systems  generally from primitive rift 
or subduction -related basaltic andesite  to mature, high-level silicic calderas. Repeated  microgravity 
observations over active volcanoes  enable magma  movements, variations  in magma input and changes in 
magma  density to be monitored  closely. Dynamic modelling  of volcanic systems  is providing new evidence 
on the behaviour  of concealed  magma  bodies and could have considerable potential for predicting  eruptive 
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Abstract Temporal gravity measurements  over a broad network  in the vicinity of Long Valley 
caldera,  California,  reveal significant  gravity decreases  over the interval June 1980 to July 
1983 at five stations within or close to the caldera. The negative gravity changes reflect the late stages of an 
uplift of the caldera which began before the initial June 5-9, 1980, gravity survey (based on the gravity data)  
and after July 1979 according  to the results of horizontal deformation measurements.  Temporal gravity 
measurements  at a more detailed  network established within the caldera during June 1982 suggest  that a 
low -amplitude uplift occurred immediately after the January 1983 south moat earthquake swarm and that the 
uplift probably was accompanied  by the addition  of mass at depth. However, these data are complicated by 
gravity changes  due to changes in depth to the water table. An areal 
gravity  survey in the vicinity of the January 1983 swarm reveals two local gravity highs at 4- 
5  mGal  amplitude  and  2-3 km diameter.  These  local  highs  occur  directly  above  the  two areas that 
experienced  the most intense earthquake  swarm activity during the past few years and are believed  to 
mark the locations  of past intrusions  into the south moat. 
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Abstract  Repeated,  high-precision, gravity measurements.  Significant changes  in surface gravity associated with 

the January 1983 earthquake swarm in the south moat of Long Valley Caldera. These changes  indicate 
that the ground around the Casa Diablo hot springs area was uplifted at the time of the swarm. The uplift 
patterns agrees with that predicted  by the model of injection  of magma  into two chambers  at 5 to 8 km 
depth beneath Long Valley Caldera.--Modified journal abstract. 
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Abstract  Long Valley Caldera  is a 0.7 m.y. old volcanic eruptive center associated  with an elliptical collapse 

structure on the eastern margin of the Sierra Nevada. Two-dimensional models of caldera fill are presented 
in this study resulting  in structures  compatible with existing seismic refraction and gravity data. Modifications 
to previous seismic  models include shifting the north caldera rim to the south and decreasing  the dip of the 
west and south boundaries.  Densities in the model are not varied independently but are based on empirical 
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velocity - density relationships  and measured  densities  from surface outcrops  and drill cores. These density 
values are adequate  to account  for observed  gravity anomalies, indicating that the assumed subsurface 
lithologies  are approximately  correct. The large gravity anomaly  in the shallow eastern caldera is modeled 
by assuming  that the area is underlain by a layer of exceptionally low density. 
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Abstract  Teleseismic and gravity data acquired  in 1973 support  the existence of a large body of partial melt (magma) 

beneath the resurgent  dome of Long Valley caldera in eastern California. Whereas  intermittent reoccupation of 
vertical and horizontal control networks  in and near Long Valley caldera revealed  only very small, 
probably  tectonic movements  between 1932 and 1979, a leveling survey in September  1980 showed a 250 - 
mm uplift of Highway 395 on the west side of the resurgent  dome. This uplift was apparently related to 
expansion of the subjacent magma  body beginning  sometime  between  July 1979 and September 1980 and 
may have been coseismic  with the Mammoth Lakes magnitude 6 earthquake sequence  of May 25-27, 1980. 
These earthquakes  ushered in a period of almost continuous low -level seismicity,  punctuated by relatively 
severe swarms in the southern 
moat.  Vertical and horizontal  displacements  within Long Valley caldera between  1979 and 
1982 define a striking radially symmetric  pattern of uplift and horizontal  distension  that is consistent with 
expansion  of the body of partial melt inferred from teleseismic and gravity data. Specifically, the observed 
deformation of the caldera floor approximates  the theoretical  deformation due to expansion  of a spherical 
magma  chamber at a depth of at least 7 km. The calculated  maximum  uplift is 430 mm and is located south 
of the center of the resurgent dome. Significant  deviations  from this simple model appear to be associated 
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with either movement of mapped faults within and adjacent to the caldera or folding of weak surface 
deposits. 
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Abstract  Gravity studies show that the subsurface  part of the Long Valley caldera is a coincident  steep-sided 

depression  filled with porous epiclastic  and volcanic materials to a depth of as much as 3 km. The depression  
contains two major basins, a larger and deeper one making up much of the eastern part and a somewhat 
smaller,  more shallow  one to the west; a positive feature underlying  the central part of the depression  
separates  the two basin areas. The east side of this feature is linear in plan and coincides  with the extension  
of the Hilton Creek fault which is mapped within and beyond the south edge of the caldera. The indicated  
relief on the postulated  subsurface  Hilton Creek fault together  with difference  in depth of the eastern and  
western basinal areas indicates  that the eastern basin is downdropped in relation to the western 
one. Gentle gravity gradients  outside the caldera but sloping towards it are interpreted  as evidence  of a low 
-density  mass located below the caldera fill. We conclude that it is probably  related to the magma  source. 
Aeromagnetic  data indicate that a northwest -trending  belt of metasedimentary  rocks on the south flank of 
Long Valley may extend into the caldera proper and form much of the bedrock floor of the western  part of 
the caldera. A magnetic low of shallow  source in the hot spring region in the southwest  is 
thought  to be caused by hydrothermal  alteration  of the ferrimagnetic minerals in the underlying rocks. A 
broad positive magnetic anomaly  near the center of the caldera may be caused by a thick section of 
magnetic volcanic flow lying east of the projected  Hilton Creek fault and underlying  much of the eastern 
basin. 
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Abstract  Clastic and volcanic deposits of Cenozoic  age, filling Long Valley to a depth of 12,000 feet, have a much 
lower average density than crystalline  rocks of surrounding mountains,  and somewhat higher than the muds of 
Searles Lake basin. The gravity relief rivals great minimum anomalies  found in basins between  the Coast 
Ranges. The gravity map suggests a crescentic  structural  basin bounded on all sides by nearly vertical faults  
along which it subsided. A pronounced high near the center could represent  a mass of dense rock within  the 
pre-Cenozoic bedrock,  or a volcanic neck. 
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Abstract Gravity and seismic  measurements  in Owens Valley, Long Valley, and Mono Basin, which are directly 

east of the Sierra Nevada, Calif., show these depressions to be downdropped blocks filled with thousands  of 
feet of Cenozoic  deposits. Magnetic measurements  suggest locations of buried volcanic rocks. A theory 
relating volcanism  to stress reduction  associated with faulting is presented.  Long Valley and Mono Basin are 
identified  as volcano-tectonic depressions. 
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Abstract  Bouguer  gravity values at about 11,000 stations in E.-central California  range from -14 mgal near Merced to 
-274 mgal in Long Valley. Gravity lows in the W. and S. parts of the San Joaquin Valley and over local 
basins S. and E. of the Sierra Nevada are produced  by large thicknesses of Upper Cretaceous and Cenozoic 
deposits.  A large regional gravity low over the Sierra Nevada can be explained  by isostatic compensation  of 
the range together  with the effect of the relatively  low -density  rocks of the Sierra Nevada batholith. A broad 
gravity 
ridge along the E. side of the San Joaquin  Valley shows excellent correlation with a similar magnetic ridge 
where the 2 sets of data are available, suggesting that both anomalies  are caused by a dense, magnetic 
mass buried at an estimated depth of 5-10 mi. Seismic refraction measurements  further indicate that the 
thickness  of the earth's crust under the valley is less than 12 mi. Thus, the anomalous  mass is in the lower 
part of the earth's crust and is conceivably  related to the more mafic rocks of the earth's upper mantle. 
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Abstract  More than 1000 measurements  of gravity in the central Sierra Nevada and adjacent regions to the E. show 
a decrease  in regional Bouguer  gravity values from -75 mgal. at the western edge of the mountains  to a 
minimum of about -235 mgal. just W. of the Sierra crest, a distance of only 100 km. Farther E., a positive 
regional gradient of about 0.6 mgal./km. continues into the Inyo-White Mountains  for a distance of at least 
600 km. Local gravity 
lows are associated  with Cenozoic  sediments  in Owens Valley, Long Valley, and Mono Basin to the E. of 
the Sierra Nevada and with a thick, narrow deposit of Pleistocene  sediments in Yosemite  Valley. Local 
gravity highs are associated  with roof pendants  of metavolcanic rocks which extend down into the Sierra 
Nevada batholith  to depths of more than 2 km. The variation  in the regional Bouguer  gravity values of about  
160 mgal. can be explained by a thickening  of the earth's crust from 35 to 52 km. beneath the central sierra 
Nevada, combined  with an eastward decrease  in the density of the Sierra Nevada batholith from 2.76 to 2.64 
g./cm. (super 3) . Gravity data support Romney's conclusion, based on seismic evidence,  that a local  
mountain  root exists under the central and southern parts of the Sierra Nevada and not under the lower  
northern part, in general accordance with regional isostasy. 
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Abstract  A large gravity low, flanked by steep gravity gradients,  in the Long Valley area, can be explained 
by an ellipse -shaped subsided  block, bounded on all sides by a vertical fault zone and the 
depression  filled with 18,000 + or - 5000 ft. of low -density Cenozoic  deposits.  The structural feature 
may be a volcano-tectonic depression  similar to Mono Basin, California. 
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active geothermal systems  with >180 degrees C fluids, suggesting that subsurface  Au deposition  may be continuing 
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locations.  The young Au deposits and geothermal systems  can be classed as either magmatically  heated or amagmatic 
depending on whether there is evidence  of coeval silicic magmatism. The magmatically  heated deposits and systems  (e.g., Long  
Valley caldera, CA; Roosevelt,  UT) are limited to the margins of the Great Basin whereas  young amagmatic  Au deposits 
(e.g., Sulphur (Crofoot- Lewis) and Florida Canyon, NV) and systems,  currently producing  >100 megawatts electricity,  cluster in 
NW Nevada. Amagmatic  epithermal Au deposits and electricity -producing  amagmatic  geothermal systems  are scarce globally, 
and their abundance in NW NV is attributed  to a combination of high heat flow and active transtensional  tectonics.  The greatest 
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extensional  faults in the Great Basin interior. Individual deposits and systems  formed in structurally complex zones that facilitate 
deep fluid circulation,  such as en echelon step-overs in normal faults, pull-apart blocks, and boundaries between  zones of 
opposite-dipping normal faults. In such environments,  Au mineralization  and geothermal fluid flow preferentially occur along 
structures oriented approximately  orthogonal  to the current crustal extension  direction. Compared to magmatically  heated 
systems,  the amagmatic  geothermal systems  have lower fluid concentrations  of As, Li, B, and Cs, lower 3He/4He  ratios, and 
lower overall vertical temperature gradients.  The related young Au deposits are of the shallow  hot-springs type, with steam- heated  
advanced  argillic alteration,  adularia,  marcasite,  cinnabar,  native sulfur, and high concentrations  of Sb and As. Limited data 
indicates  that some young amagmatic  gold systems have high Se concentrations, similar to many Miocene  epithermal Au 
deposits in NV. High ratios of Se/Ag suggest  that, in contrast to the Miocene deposits, Ag minerals  may not be the major host 
of Se. Differences  in the level of exposure  of the Pliocene  vs. Miocene  Au deposits may explain host mineral differences. 
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fluid and heat flow and chemical  transport processes. These complexities  include (1) fracture-matrix interaction  for fluid, heat, and 
chemical constituents,  (2) gas-phase participation in multiphase fluid flow and geochemical reactions,  (3) the kinetics  of fluid -rock 
chemical interaction,  and (4) heat effects on thermophysical and chemical  properties  and processes. Reactive fluid flow and geochemical 
transport  modeling is a powerful tool to get insight into these processes, to test conceptual model, and to study the geochemical 
behavior,  mineral alteration,  changes  in porosity  and permeability.  Three modeling examples  are used to illustrate the usefulness of the 
reactive transport  modeling.  The first example  deals with caprock  alteration  in a Long Valley Caldera (LVC) hydrothermal system in 
California.  The observed  sequence  of argillic alteration  in the LVC consists of an upper zone with smectite and kaolinite  (in the lower- 
temperature region), a lower illite zone, and an intermediate  mixed illite and smectite zone. The sequence is reasonably  well reproduced 
in the numerical  simulation.  The second example  investigates the formation  mechanism of an impermeable barrier between  acidic and 
neutral fluid zones in the Onikobe geothermal field, Japan. The third studies geothermal  injection well silica scaling and loss of porosity 
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Abstract     World-wide, geothermal resources  are most commonly  associated  with volcanic arcs (Indonesia, Japan, and Philippines) spreading 
centers (Salton Trough and East African Rift) and with hot spots (Hawaii, Iceland,  Yellowstone).  Near the margins of the Basin and 
Range in the U. S. geothermal activity is commonly  associated  with young Volcanism  (Long Valley and Coso volcanic fields). 
Additional production is associated  with deep fluid circulation  in the Basin and Range thought to be localized by recent faulting and the 
higher than average crustal heat flow in much of the Basin and Range. Geothermal  energy is an important energy resource in 
Mexico  and the western  United States. Commission  Federal de Electricidad produces  electricity at Cerro Prieto (just south of Imperial 
Valley, California), Los Azufres and Tres Virgenes. In the U. S. about 2020 MWe of electrical  generation  capacity  is on-line in California 
(7 fields), Hawaii (1 field), Nevada (9 fields) and Utah (2 fields). At Meager Creek, British Columbia  an electrical  generation  project is 
under development.  In general, fluids with temperatures of greater than 150 degrees C are used to produce electricity,  and above 30 
degrees C are used for direct applications such as space heating, crop drying, aquaculture,  etc. The U. S. Geological  Survey has 
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Abstract  Except in the MOR environment, voluminous,  high-temperature hydrothermal  discharge  is commonly  associated  with silicic volcanism and 
a shallow  regional water table (e.g. Yellowstone,  Kamchatka, Taupo volcanic zone). In the Western U.S., hydrothermal  heat discharge 
ranges up to 6 GW (Yellowstone) and values in the 100 MW range are not uncommon (Long Valley, Lassen,  Austin Hot Springs). Such  
large heat discharges likely imply mining of magmatic  heat and, as pointed out by Clive Lister (1974), may require active fluid circulation  
near or within recently  crystallized magma. The average hydrothermal  heat discharge  from some silicic magmatic systems  is fairly  
constant  on a multidecadal scale. For instance,  measurements  at Yellowstone and Lassen suggest relatively steady 
heat discharge since the early 20th century. Large seasonal  variations  observed  at some localities  over the past 30 years are due 
mainly to interaction  with the shallow, cold hydrologic  system. Mining of heat from subaerial deposits (Katmai, Loowit Hot Springs at Mt. 
St. Helens) can temporarily generate  comparably large (100s of MW) values of hydrothermal  discharge,  but pronounced declines  in heat 
output are observed  on decadal  scales. Relative to silicic systems,  focused basaltic magmatism can provide similarly large heat inputs 
(e.g. 5-6 GW at Kilauea),  but depth to water table tends to be greater in basaltic terranes,  and hydrothermal discharge  tends to be weaker  
and less conspicuous (e.g. a maximum  of approximately  1 GW of subaerial hydrothermal discharge at Kilauea, mainly as low - 
temperature,  dilute discharge  near the coast). Andesitic arcs worldwide  exhibit a range of length- normalized hydrothermal -discharge 
rates. The most important  factors controlling  hydrothermal  discharge  may be the rate of 
magmatic  heat input and depth to water table. In the central Oregon Cascade  Range, perhaps the most active part of a relatively 
"weak" andesitic  arc (intrusion  rate approximately  9-50 cubic km/m.y./km arc length), hydrothermal  discharge  ( approximately  2 
MW/km  arc length) is relatively  hot and visible west of the arc, where the water table is shallow, and relatively  cool, dilute, and 
inconspicuous east of the arc, where the water table is deep. Current length-normalized rates of hydrothermal  heat discharge  from the 
Cascade arc are approximately  10 times lower than those in the Taupo volcanic zone, an arc segment analogous  to the more- silicic 
Miocene Cascades. 
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Abstract  Temperatures  of 100 degrees C are measured  at 3 km depth in a well located on the resurgent  dome in the center of Long Valley 
Caldera, California,  despite an assumed >800 degrees C magma  chamber at 6-8 km depth. Local downflow  of cold meteoric  water as 
a process  for cooling the resurgent  dome is ruled out by a Peclet-number analysis of temperature logs. These analyses  reveal zones 
with fluid circulation  at the upper and lower boundaries of the Bishop Tuff, and an upflow zone in the metasedimentary  rocks. Vertical 
Darcy velocities  range from 10 to 70 cm a (super -1) . A 21-km-long geoelectrical profile across the caldera provides resistivity values to 
the order of 10 (super 0) to >10 (super 3) Omega m down to a depth of 6 km, as well as variations  of self- 
potential.  Interpretation of the electrical  data with respect to hydrothermal  fluid movement confirms  that there is no downflow  beneath 
the resurgent  dome. To explain the unexpectedly low temperatures in the resurgent  dome, we challenge  the common  view that the 
caldera as a whole is a regime of high temperatures and the resurgent  dome is a local cold anomaly. Instead, we suggest  that the 
caldera was cooled to normal thermal conditions  by vigorous hydrothermal  activity in the past, and that a present -day hot water flow 
system is responsible for local hot anomalies, such as Hot Creek and the area of the Casa Diablo geothermal power plant. The source of 
hot water has been associated  with recent shallow  intrusions  into the West Moat. The focus of planning  for future power plants should 
be to locate this present -day flow system instead of relying on heat from the old magma chamber. 
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Abstract We compiled  time series of hydrothermal  discharge  consisting  of 3593 chloride - or heat-flux measurements  from 24 sites in the 

Yellowstone  region, the northern Oregon Cascades,  Lassen Volcanic  National  Park and vicinity, and Long Valley, California.  At all of 
these sites the hydrothermal  phenomena are believed to be as yet unaffected by human activity, though much of the data collection was 
driven by mandates  to collect environmental-baseline data in anticipation  of geothermal development.  The time series average 
19 years in length and some of the Yellowstone sites have been monitored  intermittently  for over 30 years. Many sites show strong 
seasonality but few show clear long-term trends, and at most sites statistically significant  decadal -scale trends are absent. Thus, the 
data provide robust estimates  of advective heat flow ranging  from approximately  130 MW in the north-central Oregon Cascades  to 
approximately 6100 MW in the Yellowstone region, and also document  Yellowstone hydrothermal  chloride  and arsenic fluxes of 1740 
and 15-20 g/s, respectively. The discharge  time series show little sensitivity  to regional tectonic events such as earthquakes  or 
inflation/deflation cycles. Most long-term monitoring to date has focused  on high-chloride springs and low -temperature fumaroles.  The 
relative stability  of these features suggests  that discharge  measurements  done as part of volcano-monitoring programs should focus 
instead on high-temperature fumaroles, which may be more immediately  linked to the magmatic  heat source. 
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Abstract  Geochemical  evolution  in hydrothermal  fractured  rock systems  occurs through a complex interplay of multiphase fluid and heat flow and 
chemical  transport  processes.Building on previous work, we present here simulations of reactive  hydrothermal  flow that include (1) 
detailed  fracture-matrix interaction  for fluid, heat, and chemical  constituents,(2)  gas-phase participation in multiphase fluid flow and 
geochemical reactions,  (3) the kinetics  of fluid -rock chemical  interaction,  and (4) heat effects on thermophysical and chemical properties 
and processes. The present study uses, as an example, water and gas chemistry  data as well as caprock  mineral compositionfrom the 
hydrothermal  system in Long Valley Caldera  (LVC), California.  The flow system studied is intended  to capture realistic features of 
fractured magmatic  hydrothermal  systems.  The purpose of this "numerical  experiment" is to gain useful insight into process  mechanisms 
such as fracture-matrix interaction,  liquid -gas phase partitioning, and conditions  and parameters  controlling  water-gas-rock interactions in 
a hydrothermal  setting. Simulation results indicate that almost all CO (sub 2) is transported through the fracture. Cooling and 
condensation  results in an elevated CO (sub 2) partial pressure.  The CO (sub 2) is the dominant  gas-phase constituent close to the land 
surface. Close to the heat source, dissolution  dominates  over precipitation.  Away from the heat source precipitation dominates  because 
chemical  constituents,  transported  from the bottom, precipitate in a lower-temperature environment. Mixing with cold meteoric  water 
enhances mineral dissolution  and precipitation effects. The rock alteration  pattern is sensitive to reaction kinetics. The predicted alteration  
of primary rock minerals  and the development of secondary mineral assemblages are generally consistent  with field observations  in the 
LVC. The observed sequence  of argillic alteration  in the LVC consists of an upper zone with smectite and kaolinite 
(in the lower-temperature region), a lower illite zone, and an intermediate  mixed illite and smectite zone. The sequence  is reasonably  well 
reproduced  in the numerical simulation.  In addition, calcite and chlorite precipitation in the hot region coincides  with the observations. 
Using the reactive  geochemical transport  model, we have successfully simulated spatial distribution of the three argillic alteration  zones. 
Copyright  2001 by the American  Geophysical  Union. 
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Abstract (super 18) O/ (super 16) O data from the 200 -m-thick,  0.76 Ma Bishop Tuff outflow sheet provide evidence  for a vigorous, short-lived 
( nearly equal 10 years), high-temperature,  fumarolic meteoric -hydrothermal  event. This is proved by: (1) the juxtaposition in the upper, 
partially welded Bishop Tuff of low - (super 18) O groundmass/glass  (delta (super 18) O = -5 to +3) with coexisting  quartz and feldspar 
phenocrysts having magmatic  delta (super 18) O values (+8.7+ or -0.3; +7.5+ or -0.3); and (2) the fact that these kinds of (super  18)  
O/ (super 16) O signatures  correlate very well with morphological  features and mapped zones of fumarolic activity. Profiles of delta  
(super 18) O with depth in the Bishop Tuff within the fumarole area define a 40- to 50-m-thick, low - (super 18) O, 
stratigraphic  zone that is sandwiched between  the essentially unwelded  near -surface portion of the tuff and an underlying,  densely 
welded black tuff that displays magmatic  (super 18) O/ (super 16) O values. Shallow -dipping columnar  joints and other fumarolic 
features (i.e., subhorizontal  tubular conduits and steep fissures) correlate very well with these pervasively  devitrified,  low - (super 18) 
O zones. The base of the low - (super 18) O zone is extremely sharp ( approximately  3 per mil per meter) and is located directly 
above the transition from partially welded tuff to densely welded black tuff. The observed average whole-rock (super 18) O-depletions 
within this low - (super 18) O zone are about 6-7 per mil, requiring meteoric  water/rock  ratios in excess of 0.24 in mass units. Rainfall on 
the surface of the tuff would not have been high enough to supply this much H (sub 2) O in the short lifetime of fumarolic activity, 
suggesting that some recharge  must have been from groundwater flow through the upper part of the tuff, above the sloping (1 degrees 
-5 degrees ) top of the impermeable lower zone. This is compatible with the observation that the fumarolic areas roughly correlate with 



Long Valley Caldera, California

108

 

 

 
 

the preeruptive regional drainage pattern. Some of this recharge may in part have been from the lake that filled Long Valley caldera, 
which was dammed by the Bishop Tuff up to the level of this boundary  between  the partially and densely welded zones ( nearly equal 
7000 ft, the elevation  of the highest Long Valley Lake shorelines). Gazis et al. had previously  shown that the 
2.8-Ma intracaldera  Chegem  Tuff from the Caucasus  Mountains  exhibits exactly the same kind of (super 18) O-signature that we 
have correlated  with fossil fumaroles  in the Bishop Tuff outflow sheet. Although  not recognized  as such by McConnell  et al.; (super 
18) O/ (super 16) O data from drill-hole samples from the intracaldera  Bishop Tuff in Long Valley also display this characteristic 
(super 18) O signature  (i.e., analogous  delta (super 18) O-depth profiles,  as well as low - (super 18) O groundmass  coexisting  with 
high- (super 18) O feldspar phenocrysts).  This fumarolic (super 18) O/ (super 16) O signature  is observed to much greater depths ( 
nearly equal 650 -750 m) in the intracaldera  tuffs ( nearly equal 1500 m thick) than it is in the nearly equal 200 -m-thick Bishop Tuff 
outflow sheet ( nearly equal 80 m depth). 
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Abstract The relationship between  in-situ stress and fluid flow in fractured  and faulted rock is examined by using data from detailed  analyses 
of stress orientation and magnitude, fracture geometry,  and precision  temperature logs that indicate localized fluid flow. Data obtained 
from three boreholes  that penetrate highly fractured  and faulted crystalline  rocks indicate that potentially  active faults appear to be the 
most important  hydraulic  conduits in situ. The data indicate that the permeability of critically stressed  faults is much higher than that of 
faults that are not optimally  oriented for failure in the current stress field. 
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Abstract  While the deep structure and physical state of active silicic calderas  have until now been clouded  with uncertainty, a unique opportunity 
presently exists to make direct observations  in deep drill hole within the Long Valley caldera of eastern California.  For the first time, it will 
be possible  to obtain hard data on the physical existence of juvenile magma  within the basement rock of Long Valley. To critically test  
the hypothesis  that magma  does indeed exist at relatively shallow  depth, we need to obtain qualitatively  new information on the structure 
of the basement, on the physical conditions  leading to the sudden cessation  of earthquakes  below approximately 4 km depth at the well 
site, and on the patterns and thermal efficiency  of deep fluid circulation  within the basement 
rock beneath the caldera. These fundamental  issues can all be addressed by continuing  the Long Valley Exploration Well that 
currently extends  to a depth of 2.3 km beneath the center of the resurgent  dome. We propose to deepen the well to 4.3 km in a third 
phase of drilling. In contrast to the previous drilling that employed  conventional  oilfield technology, Phase III will be continuously cored 
to allow unambiguous  characterization  of lithology,  as well as systematic  measurements  of physical and chemical  properties with depth. 
The target is the base of the seismogenic zone above the current center of inflation. We expect to resolve the paradox posed by surface  
geophysical evidence  of shallow  magma  but subdued  heat flow at moderate depth. Models for the caldera system can be critically  
tested only by observing  the qualitatively  new information given by the depth dependence  of physical and chemical properties. 
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Abstract  Applications of geophysical measurements  in the study of molten or partially molten bodies of magma, as well as of cooler masses of in 

situ magmatic  rocks, of complex subvolcano systems,  and of the crustal structure of regions of active magmatism have increased 
significantly in the past 25 years. A brief review of the successes and failures of such efforts is presented,  based on published  case 
studies, on theoretical  considerations  of the geophysical properties  of magma  and magmatic  rocks (in terms both of the absolute values of 
such properties  and relative to those of the country rocks in which the magma  was emplaced), and on the viability of different geophysical  
techniques applied in attempts  to answer specific questions  raised by geologists  engaged in the study of volcanoes or magmatic  systems.  
The ultimate  success of geophysical interpretation  in such studies is dependent  on the ability to detect, sort and correctly  interpret  signals  
arising from, or affected by, a variety of phenomena: the actual presence  of magma, itself; the geometric configuration of the magma  
body; properties  of the magma  owing to its physical state (e.g., cooling, thermally stable, or warming; 
moving,  or at rest; convecting  or non -convecting; etc.); the presence  or absence of vigorous hydrothermal  circulation  in the region around  
and above the magma  mass; the presence  or absence of a rock alteration  shroud around the body, which may be present whether the 
body is hot or has cooled to an ambient regional temperature;  and the presence  or absence  of emplacement - related, localized fracture  
systems  in the country rock nearby or deformation in the region of the body arising from the added effect of far -field stresses.  Much of 
what can be detected  geophysically  at the surface is thus significantly influenced  by processes  and phenomena in the shallow  crust.  
These  phenomena have the potential to screen, distort, mimic or reinforce signals deriving  from a magma body or from the lower crust. In 
the case of those magmatic  systems  in which a constructional  volcanic edifice is present at the surface, part of the difficulty of 
interpretation  relates to the ability to effect a proper separation of surface or near -surface geologic signals from those arising at the depth  
of interest and target of relevance.  In most cases, the task is not a simple one and the 
certainty  of interpretation  is sometimes a function  of the availability  of a variety of other information bearing on the specific  problem that 
is to be solved. Some convincing  case histories are presented  in which the viability of the use of geophysical data is demonstrated and its 
interpretation  independently confirmed. Studies  examined  here include gravity investigations,  magnetics, active and passive seismic 
studies and seismic  signal delays, electrical  methods,  thermal gradient measurements  and heat flow calculations, and surface 
deformation studies. Example sites include the Cascade  Range of western  North America; Hawaii Volcanoes National  Park, Hawaii; 
Long Valley, California;  San Juan Mountains, Colorado;  Rio Grande Valley, New Mexico; Yellowstone National  Park, Wyoming;  as well 
as several active volcanoes  in Japan and ancient magmatic  complexes  in the British Isles. 
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Abstract  The Bishop Tuff is a large rhyolitic ash flow which erupted from Long Valley caldera in eastern California and contains abundant 
sanidine cryptoperthite phenocrysts,  which can be used to constrain the time between  the two major cooling units. The cryptoperthites 
(bulk composition  Or (sub 66) Ab (sub 33) An (sub 1) ) have exsolved  in two principal stages, followed  by a third, minor stage. The 
earliest exsolution,  which produced  patches  of relatively wide lamellae (100 -800 nm) without wedge-shaped ends (WSE), occurred 
by coherent nucleation  and was probably  related to a high flux of water associated  with fumarolic activity in this area. The spacing of 
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decomposition, which produced  lamellae with WSE having spa ein g s of from 80 to 170 nm, and the spacing of these lamellae varies 
with depth in a pattern consistent  with the two known cooling units. Heat flow calculations  indicate that this pattern of lamellar spacings 
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propagating Inyo Dike was about 0.55 MPa/km.  The volatile overpressure  in the magma  chamber was about 
15 MPa during eruption of rhyolitic lavas at the Inyo Domes. 
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geologic  and geophysical data to infer plausible  models of magma  genesis in these regions. The three-dimensional velocity  model 
beneath Yellowstone Plateau shows a large low -velocity body of approximately  100 km diameter centered on the caldera and extending 
from the crust to a depth of about 250 km. This is interpreted  to be a massive  magma  body which is responsible for the volcanism during  
the past 2 m.y. in Yellowstone.  Teleseismic S -wave residuals,  Raleigh-wave dispersion  data, heat-flow, gravity, Curie isotherm depths, 
and magnetotelluric  data, all support  the existence of a temperature near granite solidus beginning at a depth of 5-10 km beneath the 
Yellowstone caldera floor. In the Eastern Snake River Plain (ESRP) a low -velocity  anomaly  is present in the upper mantle but not in the 
crust, leading to the speculation  that ESRP is the healed track of a northeast  propagating volcanic center whose present position is 
Yellowstone.  The seismic  model for the ESRP-Yellowstone volcanic system, though unable to distinguish  between different models of 
origin of the system, clearly shows that basaltic magma  rises from the mantle, melts the lithosphere  and yields massive quantities  of 
rhyolitic magma. The seismic  velocity  structure beneath Hawaii, an oceanic hot spot, shows a complex crustal structure 
with no evidence  for a large magma  chamber in the crust. However, in the upper mantle there is an elongate  north- south trending low - 
velocity zone, 200 km wide and traceable  to a depth of 165 km. Thus, similar hot-spot generation models in the asthenosphere may be 
applicable  to Yellowstone and Hawaii, though the chemistry  and volume of surface volcanism  is greatly different in the two areas. In all 
the six intra-plate silicic volcanic centers which we have probed using the teleseismic-residual technique, low -velocity  anomalies, inferred 
as crustal magma  chambers  have been found. In at least one such volcanic center, Long Valley in California,  uplift and S -wave 
attenuation measurements  support  that the magma  chamber delineated  by teleseismic  residuals is real. The suggestion of a root to the 
magma  chamber extending  into the upper mantle supports  the geologic model for magma genesis in these centers, namely,  infusion of 
basaltic magma from the asthenosphere  into the lithosphere  and crust, and resulting partial melting.  In contrast to the silicic volcanic 
centers, none of the andesitic  Cascade  volcanoes  show evidence  for crustal magma chambers  detectable  using the teleseismic technique.  
Teleseismic-residual data in two volcanoes,  Newberry  in Oregon, and Medicine Lake in California,  show massive high- velocity  intrusions  
in the crust beneath the volcano edifice. A high-resolution seismic imaging experiment has revealed  the presence  of a low -velocity  
anomaly  which could be a dike -like molten magma  pocket within the high-velocity intrusive in Newberry  volcano. On a regional  scale, the 
teleseismic residual  experiments using long profiles have successfully delineated  high-velocity anomalies, possibly related to subduction, 
in the Oregon Cascades, and a low -velocity  anomaly due to asthenospheric  upwarp beneath the Rio Grande  Rift. 
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data. The temperature-depth curves are interpreted using a simple analytical  model for transient  flow of hot water in a confined aquifer. 
The results give information on the transient  nature of the geothermal system operating  in the Long Valley caldera and on the 
application  of the analytical  model to a complex geothermal system. At the present time there is major west-east flow of hot fluid in two 
aquifers.  The first aquifer occurs at a depth of 20-120 m. The aquifer is charged with water at a temperature greater than 175 degrees C 
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aquifer coincides  with extrusive  activity associated  with the Mono/Inyo craters chain of rhyolitic centers, which was active over a linear 
distance of about 40 km during the period 500 -600 years ago. A second aquifer occurs just below the top of the Bishop Tuff at a depth of 
approximately  700 m in hole Mammoth  1. Less is known about the flow velocity  and other characteristics  of this aquifer. Modeling of the 
temperature-depth curve in Mammoth  1 suggests  that this aquifer is of the order of 3000 years old. Temperatures associated  with both 
aquifers are evidence  for transient events which caused 
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waning phase. The waning of the system may have been due to loss of porosity  and permeability by mineral deposition in the circulation 
pathways  and/or cooling of the caldera and subjacent intrusive rocks and a consequent decrease  in the thermal drive. There is no 
evidence  at the present time of a large-scale, high-temperature geothermal system associated  with the magma chamber identified  by 
seismic  studies beneath the resurgent  dome. Whether  the high temperatures in the current geothermal  system reflect cooling of magma 
associated  with Mono/Inyo craters or merely fracturing  and reconnection of a preexisting source of hot water to the shallow  subsurface 
is not known. Although  the direction of flow of hot water is from west to east, deep temperature  data suggest  return flow of cold water 
from east to west in the lower half of the caldera fill (in the eastern part of the caldera at least). The velocity  of this return flow is 
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resupplied with heat from deep crustal or subcrustal magmatic sources. If the heat were supplied by crustal 
intrusion of mantle basalt, the crust would thicken rapidly unless magmatic activity were accompanied by 
accelerated local crustal spreading. To generate a viable silicic magma chamber by sill injection in the upper 
5-8 km of crust, minimum intrusion rates of the order of l m per century are probably required. Thermal 
models for the near -normal heat flow at the east rim 
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central caldera, marks the location of a residual chamber more circular in plan. High heat flow indicated by the 
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Abstract  A better understanding  of active volcanic areas in the United States through electromagnetic  geophysical studies received  foundation 

from the many surveys done for geothermal exploration  in the 1970's. Investigations  by governmental,  industrial,  and academic agencies 
include (but are not limited to) mapping  of the Cascades,  Long Valley/Mono area, the Jemez volcanic field, Yellowstone  Park, and an 
area in Colorado.  For one example  - Mt. Konocti  in the Mayacamas Mountains,  California  - gravity, magnetic, and seismic, as well as 
electromagnetic  methods  have all been used in an attempt to gain a better understanding  of the subsurface  structure. In each of these 
volcanic regions, anomalous  zones were mapped. When conductive,  these anomalies  were interpreted  to be correlated  with 
hydrothermal activity and not to represent  a magma  chamber.  Electrical and electromagnetic  geophysical methods can offer valuable 
information in the understanding  of volcanoes  by being the method which is most sensitive to change in temperature and, therefore,  can 
best map heat budget and hydrological  character  to aid in prediction  of eruptions. 
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Abstract Twenty-four magnetotelluric  (MT) soundings  have been collected  in an east-west profile across the center of Long Valley caldera. 

The average station spacing is approximately  1 km and appears adequate  to sample the important  features of the upper crustal and 
deeper resistivity  structures. Additional  control on the shallowest resistivity  is provided  by a continuous profile of time domain 
electromagnetic soundings  coincident  with the western  portion of the MT line. Our MT data set reveals numerous  resistivity  structures 
which illuminate  the evolution  and present state of the Long Valley system. Many of these have been quantified  through two- dimensional 
(2-D) finite element modeling emphasizing the transverse magnetic  (TM) mode. Important structural components include low 
-resistivity  layers 0.5-1.5 km deep under the eastern half of the caldera, beneath the axial graben of the resurgent  dome, and under  the 
west caldera moat. Most of this layering  appears to lie in post-caldera Early Rhyolite tuffs, and the uppermost  unwelded Bishop Tuff.  
These rhyolite units have been observed  to be porous and highly altered and to commonly  contain Pleistocene intercalated lacustrine 
clays. The remainder  and majority  of the Bishop Tuff appears highly resistive.  A low resistivity layer also occurs 
below the axial graben near the base of the Bishop Tuff (1.5 km). Hydrothermal  fluids or alteration  in precaldera  volcanic strata or, less 
likely, carbonaceous  metasediments  may be the cause of this. Resistive,  probably  crystalline  basement  at high levels is apparent 
beneath the center of resurgence. Low resistivities  are modeled  at a depth around 5 km below the entire west moat and central graben 
and may represent  a zone of hydrothermal  fluids released  from magma  crystallization,  with potential magmatic contributions  at greater 
depths. The correspondence  between  this low resistivity  and teleseismic delay and low density zones found in other studies is quite 
striking. A subtle anomaly  in the transverse electric (TE) mode impedance  is weakly suggestive  of a midcrustal conductive  axis 
centered beneath the central graben and resurgent  dome. However, it cannot be simulated  by two- dimensional transverse electric 
calculations  and requires a full three-dimensional evaluation  to ensure that the anomaly  does not 
represent  resistivity  complexity  in just the upper few kilometers. A fundamental, caldera-wide 3-D effect is documented  by comparison  of 
observed  and computed  TE impedance  and vertical magnetic  field data. The abrupt termination of conductive  caldera sediments  less 
than 10 km north and south of our profile greatly depresses  the observed  TE apparent  resistivity  and vertical magnetic  field relative to 
the model calculations  for periods greater than 0.3 s for the central and eastern caldera. Analysis of the TE mode data also suggests 
that a similar finite-strike effect lies in the response  at periods greater than 3 s due to the mid-crustal west moat conductor.  The TM mode 
measurements  are judged to also contain some large-scale departure  from the 2-D assumption related to horizontal current gathering 
from the north and south. This inflates the apparent  resistivity  and decreases  the phase somewhat  around 10 s over the central portion 
of the caldera relative to the 2-D model response.  The regional profile of resistivity  for the data at hand can be modeled with a 40 ohm-m 
basal half-space beneath 30 km of crust of 1000 ohm-m or more. Although  stations outside the caldera are very desirable to constrain 
this deep profile better, there is no evidence  for a discrete  low -resistivity layer deep below Long Valley in contrast to our interpretation  in 
the northeastern Basin and Range. 
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Abstract  Precise  measurements  of local magnetic  fields have been obtained  with a differentially  connected  array of three proton 
magnetometers in the Long Valley caldera region since 1984. Two magnetometers  are located inside the caldera with a third 
reference magnetometer  located 26km southeast  of the caldera. After correction  for secular variation, it is apparent  that an 
anomalous 2 nT decrease  in the magnetic  field occurred from mid-1989 to mid-1990 at the magnetometer  located closest to the 
center of the resurgent  dome inside the caldera. During this period a significant  increase in geodetic strain rate of 8.5 ppm/a was 
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observed on the two-color geodimeter network  within the caldera from October,  1989, to mid-1990 and a dramatic  increase in 
seismic  activity occurred from December,  1989 to July, 1990. A simple dilatational  point -source model with pressure increasing  by 52 
Mpa from October 1989 to August 1990 at a depth of about 7km beneath the center of the resurgent  dome can be fit to the strain data. 
If this same model is used to calculate piezomagnetic  fields in the caldera, the results obtained  agree with the observed  local magnetic 
field data provided  the Curie point isotherm  is at a depth of < or =5km. Taken together,  these magnetic, seismic  and geodetic data 
suggest  that an episode  of active magmatic  intrusion occurred from late 1989 to mid-1990 at a depth of about 7-8km beneath the 
resurgent  dome within the Long Valley caldera. Other indications  of this intrusion should be evident in measurements  of leveling, local 
gravity, and seismic  imaging  data. Copyright 1991 by the American  Geophysical  Union. 
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Abstract  Paleomagnetic  measurements  and K -Ar age determinations  on volcanic rocks from Long Valley caldera, California,  have enabled 
further refinement  of eruptive activity within this large silicic volcanic center. K -Ar age determinations  show that postcaldera volcanic 
eruptions began 0.73 m.y. ago and continued  periodically until about 50,000 years ago. The eruptions  were not temporally  random but 
tended to occur in distinct episodes  separated  by periods of quiescence.  Volcanism  in the western  half of the caldera was particularly 
intense between  0.15 and 0.50 m.y. ago, when many units ranging in composition  from basalt to rhyolite were erupted. An average of 
the virtual geomagnetic poles for 33 units from the caldera yields a paleomagnetic  pole at 89.7 degrees N, 138.4 degrees E, (alpha 
(sub 95) = 5.1 degrees ), which is indistinguishable  from the earth's rotational  axis. The ancient geomagnetic field dispersion about this 
mean pole is 16.0 degrees , with upper and lower limits of 19.3 degrees and 13.6 degrees , respectively. 
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Abstract  This report presents  the results of a geologic,  energy, and minerals  (GEM) survey of the Rockhouse Basin Wilderness Study Area 

(WSA) in the southern Sierra Nevada. The survey was conducted  by the California  Department  of Conservation,  Division  of Mines and 
Geology (DMG) during the latter part of 1983 under Contract No. YA -551 -CT3-440039 with the U.S. Bureau of Land Management 
(BLM).  The work was contracted as part of a BLM study to determine  the suitability  of the Rockhouse Basin area for recommendation for  
inclusion into the National  Wilderness Preservation  System. The Rockhouse Basin Wilderness Study Area encompasses an uplifted 
erosional surface of older (pre-Middle Jurassic)  metasedimentary  rock (Kernville  Series) which have been intruded by a succession of 
younger (Middle Jurassic to Cretaceous) granitic plutons of varying composition.  The metamorphic rocks occur as a large roof pendant 
or as smaller xenoliths. These metamorphic rocks are vertically to steeply dipping,  and consist principally of quartzites,  schists, and 
phyllites with minor assemblages of marble, slate, hornfels,  and metavolcanic  rock. With few exceptions, all known occurrences of 
mineralization  are confined  to the metamorphic rocks, and the exceptions  appear to be confined to areas containing  late-stage 
pegmatites. The mineral resource potential of the WSA was evaluated  and classified  on the 
basis  of geological,  geochemical, and geophysical data developed  during the study. The results of the GEM survey indicate that parts 
of the study area have a mineral resource potential. Some specific  characteristics  are presented  below: - The WSA has a substantiated 
high potential for small deposits of tungsten  with accessory  molybdenum and copper mineralization  associated  with small tactite zones 
developed  along metasedimentary -igneous  contacts.  - Minor barite production has been recorded  from prospects within the WSA that 
have a low -to -moderate  barite resource potential. However, outside the WSA, toward VABM Bear, the southward  continuation of this 
stratigraphic horizon of sedimentary barite has supported moderate historic production and contains an extensive substantiated barite 
resource.  - Geochemical  and radiometric data indicate a moderate  resource potential for small deposits of uranium associated  with 
pegmatites  along the southwestern  end of Long Valley and in the Chimney  Peak-Lamont Meadow  area. - A small, undeveloped,  but 
substantiated  occurrence of gem quality turquoise  exists near the southwestern  end of Long Valley. - 
Bodies of marble (metamorphosed  limestone  and dolomite)  and quartz-feldspar-bearing pegmatite  dikes are present. The marble has 
variable magnesium content and shows partial-to -complete  silicification  and variable  widths; pegmatite  dikes are small and 

discontinuous.  Thus, variabilities in tonnage, composition,  grade, thickness,  and extent are not favorable  for commercial utilization  of 
either commodity. - The geologic terrane has no potential for the occurrence of petroleum  resources  and has low potential for the 
development of geothermal resources  in the area, even though it lies immediately  west of the Coso Known Geothermal  Resource Area. - 
Geochemical  data indicate a low resource potential for deposits of lead-zinc-silver -gold in the southern and northern parts of the study 
area  possibly associated with undiscovered  ore-forming hydrothermal  systems.  Suggestions  for further studies. Additional detailed 
geochemical and geophysical studies in specific  areas might more closely delineate possible  hydrothermal  mineralization, particularly in 
the Big Pine Meadow  area and the southern and northern parts of the study area. Also, detailed  ground magnetic investigations of small 
magnetic  anomalies  occurring  near metasedimentary -igneous  rock contacts immediately  east of the Long Valley-Lamont Meadows 
Road might delineate possible  concealed  tactite zones. 
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Abstract  The Long Valley/Mono Basin volcanic complex in eastern California  is one of the few major silicic caldera systems  in western  North 

America which have exhibited  volcanic activity so recently  that they may still be potentially  active. Whereas,  in principle, magnetotelluric 
measurements  offer a significant  opportunity to study such systems  through mapping subsurface  electrical  features associated with  
hydrothermal  and magmatic  processes  in the crust, our studies in this area indicate that such techniques are 
profoundly affected by the highly three-dimensional structures  associated  with these complicated  volcanic terranes.  We argue that while 
simple plane-layered (one -dimensional)  interpretations  are likely to be misleading  in such a complicated  three-dimensional environment, 
magnetotelluric  observations  can delineate important  physical features associated  with caldera structures; in particular, the method 
can closely determine  the location and magnitude of major boundary  faults. Because of the high resistivity  contrast between basin fill 
and crystalline  basement, these techniques are very useful for characterizing  the subsurface  hydrologie  regime as well. In addition, 
sites have been occupied  in the southwest  moat of Long Valley caldera, an area that is currently exhibiting  a variety of tectonic 
activity.  Both the telluric field and magnetic  induction  arrows imply the presence  of a structurally controlled  east-west electric current 
system at relatively shallow  depth in the crust. This elongated  east-west zone is aligned along the belt of recent seismic activity in the 
southwest  moat, a zone of seismic  shear wave attenuation,  and a zone of known hydrothermal  alteration  at the surface. Finally, we 
summarize  observations  from the vicinity of Pumice Valley (adjacent  to Mono Craters) which has been thought to be an active incipient  
caldera. Since our present data do not indicate an observable  decrease  in resistivity at shallow  depths beneath the valley, we are led 
to conclude  that the parent magma body feeding Mono Craters (and perhaps Inyo domes) is either too thin or too deep to be resolved 
or is significantly displaced from a position beneath the center of the inferred ring fractures. 
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explain this new anomaly: (1) geothermal water has reached shallow  levels as a result of increased  permeability created  by seismic 
activity, or (2) addition  of a CO (sub 2) -rich, magnetic  vapor to the geothermal system at depth caused vapor exsolution  in zones 
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350 km (super 3) of intracaldera  Bishop tuff, or that part beneath the resurgent  dome, has been subjected  to extensive hydrothermal 
alteration. The heat that produced  this alteration  is apparently associated  with the residual  magma  chamber,  and much of the formation 
may still be hot (>200 degrees C). The magnetic  minerals  in the remaining  intracaldera  Bishop tuff have not been drastically altered, 
presumably because the tuff was not heated sufficiently. As a result, the tuff may not be very hot today. The model also reveals the 
existence of parts of two large precaldera  mountains  beneath the caldera fill. The resolving  power attained in this investigation was 
possible  because we were dealing with large, magnetically distinct lithologic units and a large amount of geological and geophysical data  
were available  constraints to produce the solution. 
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Abstract  Gravity studies show that the subsurface  part of the Long Valley caldera is a coincident steep-sided depression  filled with porous 
epiclastic and volcanic materials to a depth of as much as 3 km. The depression  contains two major basins, a larger and deeper one 
making up much of the eastern part and a somewhat  smaller,  more shallow  one to the west; a positive feature underlying  the central 
part of the depression  separates  the two basin areas. The east side of this feature is linear in plan and coincides  with the extension  of 
the Hilton Creek fault which is mapped within and beyond the south edge of the caldera. The indicated  relief on the postulated 
subsurface Hilton Creek fault together  with difference  in depth of the eastern and western  basinal areas indicates  that the eastern basin 
is downdropped in relation to the western  one. Gentle gravity gradients  outside the caldera but sloping towards  it are 
interpreted  as evidence  of a low -density  mass located below the caldera fill. We conclude  that it is probably  related to the magma 
source. Aeromagnetic  data indicate that a northwest -trending  belt of metasedimentary  rocks on the south flank of Long Valley may 
extend into the caldera proper and form much of the bedrock floor of the western  part of the caldera. A magnetic  low of shallow source 
in the hot spring region in the southwest  is thought to be caused by hydrothermal  alteration  of the ferrimagnetic minerals  in the 
underlying  rocks. A broad positive magnetic  anomaly  near the center of the caldera may be caused by a thick section of 

magnetic  volcanic flow lying east of the projected  Hilton Creek fault and underlying  much of the eastern basin. 
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directly east of the Sierra Nevada, Calif., show these depressions to be downdropped blocks filled 
with thousands  of feet of Cenozoic  deposits. Magnetic  measurements  suggest locations of buried 
volcanic rocks. A theory relating volcanism  to stress reduction  associated with faulting is presented. 
Long Valley and Mono Basin are identified  as volcano-tectonic depressions. 
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deposits.  A large regional gravity low over the Sierra Nevada can be explained  by 
isostatic compensation  of the range together  with the effect of the relatively  low -
density  rocks of the Sierra Nevada batholith. A broad gravity ridge along the E. side 
of the San Joaquin  Valley shows excellent  correlation with a similar magnetic 
ridge where the 2 sets of data are available, suggesting that both anomalies  are 
caused by a dense, magnetic mass buried at an estimated  depth 
of 5-10 mi. Seismic refraction measurements  further indicate that the thickness  of 
the earth's crust under the valley is less than 12 mi. Thus, the anomalous  mass is 
in the lower part of the earth's crust and is conceivably  related to the more mafic 
rocks of the earth's upper mantle. 
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Abstract  Long Valley caldera, in eastern California,  is a deep, basinlike feature bounded 
by steeply dipping normal faults having vertical offsets of at least several 
kilometers  and is largely filled with effusive volcanics  and lacustrine  deposits. 
Interest in delineating its substructure  has escalated over the past decade for a 
number of reasons;  for example, there is increasing  evidence that patterns of 
recent seismicity  and volcanism  may be controlled by pre-existing basement 
structures. In addition, the highly porous fill of the caldera basin forms the major 
hydrologic element in the region. For these and other reasons,  characterizing  the 
subsurface  geometry of Long Valley caldera is an important objective  of current 
geophysical  studies.This paper reports a combined  gravity and magnetotelluric 
interpretation  which reveals a close similarity between  a simple 3-D gravity model 
and a telluric thin sheet interpretation. This underscores  the fact that both the 
gravity and the MT data are largely influenced by the same geologic elements:  the 
caldera fill, basement  topography, and the major boundary  faults. Moreover,  as in 
earlier MT interpretations,  a conductive  zone is seen beneath the southwest moat. 
In addition, however, because of new data, we now have evidence for a buried 
resistive  ridge cutting across the main body of the caldera from the northwest to 
the southeast  beneath the resurgent  dome. Interpreting  this resistive  feature as a 
basement structural  "high" (that is, a horst block) is compatible with limited drilling 
data, 

 
and  it appears  to  be the same  feature  that  has  been  described  as a "central 
platform" from previous gravity studies. The presence of such a horst may be 
fundamentally related to the structural evolution  of the resurgent  dome. 
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Abstract     This paper presents  a comprehensive  overview  of the surface deformation retrieval capability  of the Differential  Synthetic  Aperture 
Radar Interferometry  (DInSAR)  algorithm, referred  to as Small BAseline  Subset (SBAS) technique,  in the context of active volcanic 
areas. In particular,  after a brief description of the algorithm  some experiments relevant to three selected case-study areas are 

presented.  First, we concentrate  on the application  of the SBAS algorithm  to a single-orbit scenario, thus considering a set of SAR data 
composed  by images acquired  on descending orbits by the European  Remote  Sensing (ERS) radar sensors  and relevant to the Long 
Valley caldera (eastern  California)  area. Subsequently,  we address the capability  of the SBAS technique  in a multiple-orbit context by 
referring to Mt. Etna volcano (southern  Italy) test site, with respect to which two different ERS data set, composed  by images acquired  
both on ascending  and descending orbits, are available. Finally, we take advantage of the capability  of the algorithm to work in a multi-
platform scenario  by jointly exploiting  two different sets of SAR images collected  by the ERS and the Environment Satellite (ENVISAT)  
radar sensors  in the Campi Flegrei caldera (southern  Italy) area. The presented  results demonstrate the effectiveness of the algorithm  
to investigate  the deformation field in active volcanic areas and the potential of the DInSAR methodologies with in routine  surveillance 
scenario. 
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Abstract  We investigate  the surface deformation of the eastern California  area that includes  Long Valley caldera and Mono Basin. We apply 

the SAR Interferometry  (InSAR) algorithm  referred to as Small BAseline  Subset (SBAS) approach  that allows us to generate  mean 
deformation velocity  maps and displacement time series for the investigated  area. The results presented in this work represent  an 
advancement of previous InSAR studies of the area that are mostly focused  on the deformation affecting  the caldera. In particular, 
the proposed  analysis is based on 21 SAR data acquired  by the ERS-1/2 sensors  during the 1992-2000 time interval, and 
demonstrates the capability  of the SBAS procedure  to identify and analyze displacement patterns at different spatial scales for the 
overall area spanning approximately  5000 km super(2).  Two previously  unreported localized deformation effects have been detected 
at Paoha Island, located within the Mono Lake, and in the McGee Creek area within the Sierra Nevada mountains,  a zone to the 
south of the Long Valley caldera. In addition  a spatially extended  uplift effect, which strongly  affects the caldera, has been identified 
and analyzed  in detail. The InSAR results clearly show that the displacement phenomena affecting  the Long Valley caldera have a 
maximum in correspondence  of the resurgent  dome and are characterized  by the sequence  of three different effects: a 1992-1997 
uplift background,  a 1997-1998 unrest phenomenon  and a 1998-2000 subsidence  phase. Moreover,  the analysis of the retrieved 
displacement time series allows us to map the extent of the zone with a temporal deformation behavior  highly correlated  with the 
detected three-phases deformation pattern: background  uplift-unrest-subsidence. We show that the mapped area clearly extends 
outside the northern part of the caldera slopes; accordingly,  we suggest  that future inversion models take this new evidence  into 
account. The final discussion is dedicated  to a comparison  between  the retrieved InSAR measurements  and a set of GPS and leveling 
data, confirming  the validity of the results achieved  through the SBAS -InSAR analysis. 
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Abstract  Nested fluvial and lahar terraces are inset in a volcanic surface where Glass Creek has created  an embayment  in the Sierran range 
front, on the north rim of Long Valley caldera, California.  The geomorphic  and stratigraphic relationships  among these terraces indicate 
that they record events at the time of the pre-1472 AD Inyo eruption. The volcanic surface records the deposition  of the Inyo pyroclastic 
materials over pre-existing landforms. Somewhat younger terraces contain volcanic beds at depth, overlain  by alluvium. The youngest, 
lowest terraces comprise lahar deposits overlying  alluvium  and the pyroclastic  debris. Downstream from the embayment, in the canyon of 
Glass Creek, levees line the walls to a maximum  height of 35 m above the present stream level. The canyon opens onto a lahar fan, the 
surface of which is covered with cobbles and pebbles  of Inyo pumice.  Further downstream, in the floodplain of the Owens River, an 
abandoned meander  belt is filled with graded debris containing  large amounts  of Inyo pumice.  At the distal end of the floodplain,  30 km 
from the embayment,  coarse pumiceous debris occupies  low mounds scattered  in the abandoned meander  belt. The deposits that 
comprise the mounds are massive -bedded  muds and sandy muds. These features record the excavation  of approximately  1.9X10 (super  
5) m (super 3) of material from the Glass Creek embayment,  and perhaps an additional amount up- and downstream, which was 
transported  in a non -cohesive  lahar down the Glass Creek and Owens River drainage to a distance of at least 30 km from the source 
region. Lahars are a previously  uncharacterized  volcanic hazard in the Long Valley caldera region. It may be important  to consider 
them in any future assessment  of hazards in this restless system. 
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Abstract  Spatially  and spectrally  continuous airborne  remote  sensing  imagery was used to map and identify hydrothermal  alteration  minerals 
over 450km2 of Long Valley Caldera  in central eastern California.  Normally  alteration  minerals  can be challenging  to map in the field 
over large areas (especially  if diffusively  distributed).  Conventional  point surveys in the form of drill holes and surface water and rock 
sampling provide sparse coverage  of surface alteration  and rock types. Conversely, each five-meter spatial element of a hyperspectral 
dataset supplies continuous surface material identification allowing for construction of detailed  alteration  maps over large areas in 
short amounts  of time. Long Valley alteration  assemblages are conclusively identified  and mapped throughout  the caldera including  a 
preponderance of previously  unknown  mineralization.  The system -scale alteration  maps generate  new controls 
on the chemistry,  host rock, timing and intensity  of alteration  stages within the caldera, all of which are captured by caldera-wide 
maps of sinter, travertine  and hydrothermal  clays and sulfates. Alteration distribution, density and degree of weathering  serve as 
proxy for alteration timing and intensity,  while the comparison of surface alteration  with drillcore  alteration  data at depth provides an 
innovative way of studying alteration  geography  and depth to surface zoning. The unprecedented  amounts  of newly discovered high 
temperature alteration  in the western  caldera corroborates  hydrothermal  circulation  models that place a thermal source firmly below the 
western  moat. The western  alteration  maps ultimately  imply a far more intense and complicated  alteration  regime than previously 
thought. In addition, hydrothermal  discharge  maps are generated  using linear and point distributions  of the alteration assemblages 
discussed above. These maps mirror known structural  networks  of Long Valley and add new, previously  un-identified, hydrothermal 
conduits, including  east-west trending faults that allow structurally controlled  fluid flow through the central caldera. These refined 
discharge maps, coupled  with topography data, provide a new framework for hydrothermal  circulation  modeling and are proving 
instrumental in current local geothermal exploration efforts. 
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Abstract Mammoth  Mountain,  a rhyolite to dacite dome complex on the southwestern  rim of the Long Valley Caldera  in eastern central 

California,  has shown signs of volcanic unrest since the early 1980s. High concentrations  of cold magmatic  carbon dioxide (CO (sub 
2) ), vent from the flanks of the mountain,  and this gas is responsible for over 170 acres of dead trees in that area since 1990. 
Shallow magmatic  intrusions,  inferred from seismic activity, ground deformation, and changes  in fumarolic gas composition  on and 
around Mammoth  Mountain  beginning  in 1989, have been interpreted  as the source of the CO (sub 2) gas. Airborne  and satellite 
based remote  sensing  data for the field area, collected  using multi- and hyperspectral  [NS001  (TMS), MASTER,  ASTER  and 
AVIRIS] sensors, are evaluated  to map the spatial and temporal variation  in the distribution of magmatic  CO (sub 2) -induced  tree 
kills between  1989 and present. Two seasons (1998 and 2003) of field spectral  measurements  have been incorporated into the 
remote  sensing  evaluation  to establish  the reflectance  characteristics  of the field area, allow for error evaluation, and provide ground 
truth measurements  for improving  the quality of the remote  sensing  analyses. The results of the temporal remote  sensing assessment, 
combined using geographic information systems,  are highlighting  relationships  between surface geology  and areas of tree mortality  and 
delineating the migration  of tree kills since 1989. These evaluations  improve our understanding  of the structure and volcanic activity 
beneath Mammoth  Mountain  and aid in analysis of future volcanic unrest. 
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Abstract     We surveyed 44 existing leveling monuments  in Long Valley caldera in July 1999, using dual frequency  global positioning  system 
(GPS) receivers.  We have been able to tie GPS and leveling to a common  reference  frame in the Long Valley area and computed 
the vertical deformation by differencing GPS-based and leveled orthometric heights.  The resurgent  dome uplifted 74+ or -7 cm from 
1975 to 1999. To define the inflation source, we invert two-color EDM and uplift data from the 1985-1999 unrest period using 
spherical  or ellipsoidal  sources.  We find that the ellipsoidal  source satisfies both the vertical and horizontal  deformation data, whereas 
the spherical  point source cannot. According  to our analysis of the 1985-1999 data, the main source of deformation is a prolate ellipsoid 
located beneath the resurgent  dome at a depth of 5.9 km (95% bounds of 4.9-7.5 km). This body is vertically elongated, has an aspect  
ratio of 0.475 (95% bounds are 0.25-0.65) and a volume change of 0.086 km (super 3) (95% bounds are 0.06-0.13 km (super 3) ). 
Failure to account for the ellipsoidal  nature of the source biases the estimated  source depth by 2.1 km (35%), and the source volume  
by 0.038 km (super 3) (44%). 
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Abstract  We model the source of inflation of Long Valley caldera by combining  geodetic and micro-gravity data. Uplift from GPS and leveling, 

two-color EDM measurements,  and residual gravity change determinations  are used to estimate  the intrusion geometry,  assuming  a 
vertical prolate ellipsoidal  source. The U.S. Geological  Survey occupied  the Long Valley gravity network  six times from 1980 to 1985. 
We reoccupied  this network  twice, in the summer of 1998 (33 stations), and the summer of 1999 (37 stations). Before gravity data 
can be used to estimate  the density of the intrusion, they must be corrected  for the effect of vertical deformation (the free-air effect) 
and changes  in the water table. We use geostatistical techniques to interpolate uplift and water table changes  at the gravity stations. 
The inflation source (a vertical prolate ellipsoid)  is located 5.9 km beneath the resurgent  dome with an aspect ratio equal to 0.475, a 
volume change from 1982 to 1999 of 0.136 km (super 3) and a density of around 1700 kg/m (super 3) . A bootstrap  method was 
employed to estimate  95% confidence bounds for the parameters  of the inflation model. We obtained  a range of 0.105 -0.187 km 
(super 3) for the volume change, and 1180-2330 kg/m (super 3) for the density. Our results do not support  hydrothermal  fluid intrusion 
as the primary cause of unrest, and confirm the intrusion of silicic magma  beneath Long Valley caldera. Failure to account for the 
ellipsoidal  nature of the source biases the estimated  source depth by 2.9 km (a 33% increase), the volume change by 0.019 km (super  
3) (a 14% increase)  and the density by about 1200 kg/m (super 3) (a 40% increase). 
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Abstract Two periods of volcanic unrest occurred between  1989 and 1998 in the Long Valley Caldera, eastern California.  Numerous 
earthquakes were recorded,  and these periods of unrest were documented  with high-precision geodetic  measurements.  The first round of 
unrest started rapidly in late 1989 and slowly decreased in rate through the early 1990s. For this interval there are both leveling and two- 
color electronic  distance meter (EDM) measurements.  The second round of unrest started slowly in mid-1997, climaxed in late 1997, and 
rapidly returned to quiescence  by mid-1998. Deformation was recorded  by both the two-color EDM and continuous GPS. Both episodes 
require inflation at 6-7 km beneath the resurgent dome, and both episodes  had roughly 0.1 m extension across the resurgent  dome. In 
addition, the data presented  here suggest  that there is a deeper, 10-20 km, inflation source beneath the south moat of the caldera. For 
both episodes,  the better-resolved inflation beneath the resurgent  dome is a near -vertical, prolate spheroid  rather than an isotropic 
source, which suggests  that magma  came up through vertical cracks. However, the 
modeling  suggests  that the location changed  with the depth from 6.0 to 6.7 km for the later episode. In contrast to the earlier episode, 
the 1997-1998 episode  has additional  deformation in the south moat, where the simplest  model is that of a right-lateral slip on a steeply 
dipping plane that is defined by the location of earthquakes  in the south moat. Models of the time-dependent behavior 
suggest  that slip on this fault occurred from late November  through December  1997, corresponding  to the time of greatest moment 
release by the earthquake swarm in the south moat. Confounding  the interpretation  of these data is an active geothermal field near the 
center of the EDM network  and adjacent to the south moat and resurgent  dome. Additional modeling of leveling and EDM data within 
the geothermal field during a period of low rate of inflation of the dome suggests  some methods  of adjustments to the EDM data 
during the inflation episodes. 
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Abstract  Mammoth  Mountain  Volcano, on the southwestern  ring fracture of the Long Valley Caldera in eastern central California,  has shown 

signs of volcanic unrest since the early 1980s. High concentrations  of cold carbon dioxide (CO (sub 2) ), believed to be volcanogenic in 
nature, are being emitted from the flanks of the mountain.  The emitted CO (sub 2) is interpreted  to be the cause of over 170 acres of 
dead trees in that area since 1990. Shallow  magmatic intrusions,  inferred from seismic  activity, ground deformation, and changes in 
fumarolic gas composition  on and around Mammoth  Mountain  beginning  in 1989, have been interpreted  as the source of the CO (sub 
2) gas. Airborne  remote  sensing  data for the field area, collected using multi- and hyperspectral  (NS001 (TMS), MASTER, ASTER and 
AVIRIS) sensors, are being evaluated  to map the spatial and temporal variation  in the distribution of magmatic  CO (sub 
2) -induced  tree kills between  1989 and present. Field spectral  measurements  have been incorporated into the remote  sensing 
evaluation to establish  the reflectance  characteristics  of the field area, to provide ground truth measurements  and improve the quality of 
the remote sensing  analyses. The results of the temporal remote  sensing  assessment  have been integrated  into a geographic 
information system with a detailed  geologic map of the field area to highlight relationships  between  surface geology  and areas of tree 
mortality. These evaluations  will assist in constructing a picture of the structure and volcanic activity beneath Mammoth  Mountain  and aid 
in analysis of future volcanic unrest. 
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Abstract     High Concentrations of cold Carbon dioxide (CO (sub 2) ) emitted from the flanks of Mammoth Mountain  volcano, on the southwestern 

ring fracture of the Long Valley Caldera, eastern California,  are believed to be the cause of over 170 acres of dead trees in that area 
since 1990. Shallow  magmatic  intrusions,  inferred from seismic  activity, ground deformation, and changes  in fumarolic gas composition 
on and around Mammoth  Mountain  beginning  in 1989, have been interpreted  as the source of the CO (sub 
2) gas. To evaluate  volcanic activity and interpret  subsurface  conditions  at Mammoth Mountain,  this study maps the spatial and 
temporal variations  in the distribution of magmatic CO (sub 2) -induced  tree kills using remote  sensing  technology. Digital mapping of 
the time-varied CO (sub 2) -induced  tree kills incorporates  available  multi-and hyper -spectral image sets from NASA, including: 
AVIRIS, TIMS, NS001 (TM Simulator), and MASTER  data for the study area. Spectral  measurements  have been made in the field to 
establish the reflectance  characteristics  of the field area, to provide ground truth measurements  and improve the quality of the remote 
sensing  analyses. Developing an understanding  of the temporal migration  of CO (sub 2) emission-induced tree kills may 
assist in constructing a picture of the structure and volcanic activity beneath Mammoth Mountain and aid in analysis of future volcanic 
unrest. 
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Abstract  This paper presents  a plan for increasing  the mapped resource base for geothermal exploration  in the Western US. We plan to image 
large areas in the western  US with recently developed  high resolution  hyperspectral  geobotanical  remote  sensing  tools. The proposed 
imaging  systems  have the ability to map visible faults, surface effluents, historical  signatures, and discover subtle hidden faults and hidden  
thermal systems.  Large regions can be imaged at reasonable costs. The technique  of geobotanical  remote sensing for geothermal 
signatures is based on recent successes in mapping  faults and effluents  the Long Valley Caldera  and Mammoth Mountain  in California. 
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Abstract  Ground studies of the restless Long Valley caldera under the aegis of volcanic hazard monitoring for the past 25 years, have provided a 

wealth of geophysical and geochemical data culminating  in new hydrothermal  and structural  models.  However, limited remote sensing 
has been attempted  at this caldera. Our group is applying spectroscopic  mapping with traditional  geological  data to refine current  
geological  models and maps, to assess the strengths  and limitations  of using biological  phenomena to model and map geological 
processes  and structures, and to prepare baseline datasets  for volcano monitoring efforts via space -borne instruments.  On September  
7, 1999, imagery of the caldera was flown using Integrated  Spectronic's  HyMap hyperspectral  imager. These images are being analyzed  
to gain a better understanding  of the hydrothermal  system and to refine present flow models. This includes delineating zones of 
discharge  and their general geochemistry  and temperatures as resolved  by hydrothermal  mineral assemblage  mapping. We present an 
example  of structural  mapping  in the western  caldera which elucidates  how this region of crust is accommodating such 
perturbations  as magma  chambers, dike intrusions,  and regional stress as well as aspects of the transport  of hydrothermal fluids, gasses, 
and magma  along such structures. We also present data on the sizes and locations  of the CO (sub 2) - induced tree-kills at Mammoth 
Mt., specifically near Horseshoe Lake. 
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Abstract  We have analyzed  hyperspectral  Airborne  Visible-Infrared Imaging System  (AVIRIS)  imagery taken in September  of 1992 in Long Valley 

Caldera, CA, a geothermally active region expressed  surficially  by hot springs and fumaroles. Geological  and vegetation  mapping are 
attempted  through spectral  classification  of imagery.  Particular  hot spring areas in the caldera are targeted  for analysis. The data is 
analyzed  for unique geobotanical  patterns in the vicinity of hot springs as well as gross identification of dominant  plant and mineral 
species.  Spectra used for the classifications  come from a vegetation  spectral  library created  for plant species found to be associated 
with geothermal processes. This library takes into account  the seasonality of vegetation  by including  spectra for species on a monthly 
basis. Geological spectra are taken from JPL and USGS mineral libraries. Preliminary classifications  of hot spring areas indicate some 
success in mineral identification and less successful vegetation species identification.  The small spatial extent of individual  plants 
demands  either subpixel analysis or increased  spatial resolution  of imagery.  Future work will also include preliminary analysis of a 
hyperspectral  thermal imagery dataset and a multitemporal  air photo dataset. The combination of these remotely sensed datasets for 
Long Valley will yield a valuable product for geothermal exploration  efforts in other regions. 
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Abstract  Airborne  laser altimetry  has proved useful in recent years in examining  volcanic landforms and glacial ice sheets. With the advent of 
accurate differential  GPS aircraft tracking, we believe that airborne  lasers will also prove useful in monitoring time-varying topographic 
uplift, with rates as low as several centimetres of vertical motion per year. The Long Valley, California,  caldera provides an excellent 
testing ground for this new technology. The region has a history of extensive volcanism,  and its central dome has recently been 
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undergoing resurgent  uplift of up to 4 cm per year. In September  1993 we conducted  three aircraft topographic  surveys over the caldera 
and resurgent  dome, utilizing a NASA T39 jet aircraft outfitted with a nadir-profiling altimetric  laser (ATLAS),  two P - code GPS receivers, 
a Litton LTN92 inertial unit for attitude, and aerial cameras.  In addition, we operated  two base -station GPS receivers for post-flight 
differential  navigation  and conducted  a kinematic  automobile survey of roads crossing the dome. The aircraft flew at a mean altitude of 
500 m above ground, and at speeds of 80-100 m s (super -1) . The laser had a divergence  of 1.7 mrad, 
and output 50 pulses per second,  yielding footprints  of 0.9 m diameter separated  by about 2 m along track. Precision  flying yielded 
multiple profiles along nearly identical  paths, including crossing profiles over the resurgent  dome, off the dome, and along a nearby 
highway. The surveys included daily flights over Mono Lake for roll and pitch bias calibrations,  and over the well-surveyed Lake Crowley 
to provide an independent  check of estimated  elevations.  Much progress has been made in developing analysis procedures  for the laser  
timing and attitude corrections. Crossover  points from repeated  profiles over the dome and the lake indicate that although some profiles  
contain relative bias errors of up to 10 cm, most are substantially  more accurate.  The accuracy  of the measurements will increase as the 
various sources  of error are better defined and dealt with. Even with the present analysis level, 
the distribution of crossovers near the centre of the dome is roughly Gaussian,  with a mean of 2.6 cm and a standard deviation  of 11 
cm. The standard error of the mean is low (1 cm), due to the high number of crossover  points, which holds promise for measuring 
systematic changes in the dome height from year to year. Also, comparison of laser heights of Lake Crowley to tidal gauge heights yields 
only a 1-4 cm difference  in absolute  height. These encouraging  results serve to confirm further the concept  of using aircraft laser 
surveys for geodetic  tectonic monitoring. 
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Abstract  Satellite radar interferometric  images of Long Valley caldera show a pattern of surface deformation that resembles  that expected from 

analysis of an extensive suite of ground-based geodetic  data. Images from 2 and 4 year intervals respectively, are consistent  with 
uniform movement rates determined from leveling surveys. Synthetic  interferograms  generated  from ellipsoidal-inclusion source models 
based on inversion  of the ground-based data show generally good agreement  with the observed  images.  Two interferograms show 
evidence  for a magmatic  source southwest  of the caldera in a region not covered by ground measurements.  Poorer image quality in the 
4 year interferogram  indicates  that temporal decorrelation of surface radar reflectors  is progressively degrading  the fringe pattern in the 
Long Valley region. Copyright  1997 by the American  Geophysical  Union. 
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Abstract  A permanent  Global Positioning  System  receiver at Casa Diablo Hot Springs,  Long Valley Caldera, California was installed  in 
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caldera (east-central California)  to better understand the frequency  of these eruptions  and the magmatic  plumbing system that  
drives them. Our results show that most of Mammoth  Mountain,  a lava -dome complex straddling  the southwestern topographic  
rim of the caldera, consists of trachydacite lavas erupted at ca. 68 ka. These ages and new 29- and 41 ka ages 
for trachydacite lavas in the northwest quadrant of the caldera indicate that these silicic lavas are considerably  younger than 
previously thought. Mafic lavas vented widely in the western  third of the caldera in the past 190,000 years, suggesting that this 
area has not been underlain  by large bodies of silicic magma during this interval,  as such magma  would have prevented  the rise  
of the denser basaltic magma. We identify four eruptive sequences over the past 190,000 years: the western  moat sequence  ( 
approximately  190 -160 ka), the Mammoth sequence ( approximately  120 -58 ka), the northwest  caldera sequence  ( 
approximately  41-29 ka), and the Inyo chain sequence  ( approximately 9 ka-present). In each eruptive sequence  mafic and 
silicic lavas erupted contemporaneously from spatially associated  vents. This suggests  that intrusion of alkali basalt into the 
shallow  crust led to the silicic eruptions.  If the seismic  unrest and deformation of the past three decades is a result of basalt 
injected beneath Mammoth  Mountain  and perhaps the western  third of the caldera, then there is the possibility  of spatially 
associated small -volume silicic eruptions,  which would typically be considerably  more explosive. In the past 40,000 years, 
eruptions  have occurred along a N-S linear trend less than 10 km wide, limiting the zone subject to volcanic hazards.  Our data 
bear on Pleistocene glaciation  in the region. Ages of 162+ or -2 ka and 99+ or -1 ka for bracketing  mafic lava flows better 
constrain the age of the Casa Diablo till. Our results provide equivocal support  for a suggested anticorrelation between volcanism  
and glaciation  for the past 800,000 years in eastern California (Glazner  et al., 1999). 
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Abstract  Long Valley Caldera, a large and potentially  explosive  silicic system, has experienced highly anomalous  continued  inflation since late 
1970s. We characterize an episode  of rapid episodic uplift occurring  between  2002 and 2003 following similar episodes  of 1979- 
1980,  1983, 1989-1990, and 1997-1998. This most recent episode  was the first to be observed by a dense array of 13 continuous 
Global Positioning  System  (GPS) stations. Similar to previously  observed  episodes  of deformation, uplift is quasi-radially symmetric 
and is mostly explained  by a compact pressure source located approximately  3 km west of the resurgent dome. The maximum  uplift 
during the 2002-2003 episode  is approximately  35 + or - 8 mm, about 1/3 the magnitude but with a similar time-dependent behavior as 
the 1997-1998 episode. The horizontal  source location is well constrained at -118.930  degrees , 37.678 degrees , for a small spherical 
source, and indistinguishable  from the location of a vertically dipping prolate spheroidal  source. A trade-off between  depth 
and volume change is observed for both spherical  and prolate models,  with depth between  7.5 and 13.5 km and a volume change of 
0.01-0.03 km (super 3) at 95% confidence. For prolate spheroidal  models,  depth and volume change are additionally affected by the 
source axis ratio (b/a), which is greater than 0.55. Though the background  seismicity  remained  low during the 2002-2003 episode, we 
identified a significant  spike in activity during the maximum  rate of uplift, similar to observations  in both the much larger episodes  in 
1989-1990, and 1997-1998. More interestingly, we additionally find that all three episodes begin immediately  after a short period of 
seismic quiescence,  with background  seismicity falling to levels below background  levels following the prior uplift event. With the 
dense GPS coverage,  we also identify increased  opening of the Mono -Inyo volcanic chain after the 2002-2003 episode  suggesting 
potential interaction  of magmatic  fluids between  the two systems. 
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Abstract  Non -steady state deformation and annealing  experiments on vein quartz are designed to simulate earthquake -driven episodic 

deformation in the middle crust. Three types of experiments were carried out using a modified  Griggs-type solid medium deformation 
apparatus. All three start with high stress deformation at a temperature of 400 deg C and a constant  strain rate of 10-4s-1 (type A), 
some are followed  by annealing  in the stability  field of *a-quartz for 14-15h at zero nominal  differential  stress and temperatures of 
800 -1000 deg C (type A+B), or by annealing  for 15h at 900 deg C and at a residual  stress (type A+C). The quartz samples reveal a 
very high strength > 2GPa at a few percent of permanent  strain. The microstructures  after short-term high stress deformation (type A) 
record localized brittle and plastic deformation. Statisc annealing  (type A+B) results in recrystallisation  restricted  to the highly 
damaged zones. The new grains aligned in strings and without crystallographic  preferred orientation, indicate nucleation  and growth. 
Annealing at non -hydrostatic conditions  (type A+C) results in shear zones that also develop  from deformation bands or cracks that 
formed during the preceding  high stress deformation. In this case, however, the recrystallised  zone is several grain diameters  wide, 
the grains are elongate,  and a marked crystallographic  preferred orientation indicates  flow by dislocation  creep with dynamic 
recrystallisation. Quartz microstructures  identical  to those produced  in type A+B experiments are observed  in cores recovered  from 
Long Valley Exploratory  Well in the Quaternary Long Valley Caldera, California,  with considerable  seismic  activity. The experiments 
demonstrate the behaviour  of quartz at coseismic  loading (type A) and subsequent  static annealing  (type A+B) or creep at decaying 
stress (type A+C) in the middle crust. The experimentally  produced  microfabrics allow to identify similar processes  and conditions in 
exhumed  rocks. 
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Abstract  Non -steady state deformation and annealing  experiments on vein quartz are designed to simulate earthquake -driven episodic 
deformation in the middle crust. Three types of experiments were carried out using a modified  Griggs-type solid medium deformation 
apparatus. All three start with high stress deformation at a temperature of 400 degrees C and a constant  strain rate of 10 (super -4) s 
(super -1) (type A), some are followed  by annealing  in the stability  field of alpha -quartz for 14-15 h at zero nominal  differential  stress 
and temperatures of 800 -1000 degrees C (type A+B), or by annealing  for 15 h at 900 degrees C and at a residual  stress (type A+C). 
The quartz samples reveal a very high strength >2 GPa at a few percent of permanent  strain. The microstructures  after short-term high 
stress deformation (type A) record localized brittle and plastic deformation. Static annealing  (type A+B) results in recrystallisation 
restricted to the highly damaged  zones. The new grains aligned in strings and without crystallographic  preferred orientation, indicate 
nucleation and growth. Annealing  at non -hydrostatic conditions  (type A+C) results in shear zones that also develop  from deformation 
bands or cracks that formed during the preceding  high stress deformation. In this case, however, the recrystallised  zone is several grain 
diameters  wide, the grains are elongate,  and a marked  crystallographic  preferred orientation indicates  flow by dislocation  creep with 
dynamic recrystallisation.  Quartz microstructures  identical  to those produced  in type A+B experiments are observed  in cores recovered 
from Long Valley Exploratory  Well in the Quaternary Long Valley Caldera, California,  with considerable  seismic activity. The 
experiments demonstrate the behaviour  of quartz at coseismic  loading (type A) and subsequent static annealing  (type A+B) or creep at 
decaying  stress (type A+C) in the middle crust. The experimentally  produced  microfabrics allow to identify similar processes and 
conditions  in exhumed  rocks. 
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Abstract  Earth's largest calderas  form as the ground collapses  during immense volcanic eruptions, when hundreds  to thousands  of cubic 
kilometres of magma  are explosively  withdrawn  from the Earth's crust over a period of days to weeks. Continuing  long after such great 
eruptions,  the resulting  calderas  often exhibit pronounced unrest, with frequent  earthquakes, alternating uplift and subsidence  of the 
ground, and considerable  heat and mass flux. Because many active and extinct calderas  show evidence  for repetition  of large eruptions, 
such systems demand detailed  scientific  study and monitoring. Two calderas  in North America,  Yellowstone (Wyoming) 
and Long Valley (California), are in areas of youthful  tectonic complexity. Scientists  strive to understand the signals generated  when 
tectonic, volcanic and hydrothermal  (hot ground water) processes  intersect. One obstacle to accurate  forecasting  of large volcanic events 
is humanity's  lack of familiarity  with the signals leading up to the largest class of volcanic eruptions.  Accordingly, it may be difficult to 
recognize  the difference  between  smaller and larger eruptions.  To prepare ourselves  and society, scientists  must scrutinize a spectrum 
of volcanic signals and assess the many factors contributing to unrest and toward diverse modes of eruption. 
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Abstract  We relocated  the earthquake catalog of the Northern California Seismic Network  (NCSN), using a recently  computed  comprehensive 
database of cross-correlation differential  times for earthquakes  between  1984-2003. The correlation data base includes approximately  3 
billion P -and S -wave differential  times that are calculated  from pairs of waveforms recorded  at common  stations with cross correlation 
coefficients of 0.7 or greater, for events separated  by less than 5 km. The cross-correlation data is combined  with differential times 
computed  from NCSN phase picks to relocate the hypocenters with the double -difference  algorithm.  All event pairs with at least 6 pair - 
wise observed  phases are relocated (311,273  events). The relocated  catalog has a root mean square (RMS) of the weighted  pick based  
differential-time residuals  of 0.017 s, compared  to 0.124 s before relocation.  The weighted  RMS of the cross-correlation data is 
0.004 s after relocation.  Location precisions  range from tens to hundreds  of meter. The double -difference  locations reveal a focused view  
of the complex distribution of seismicity  in northern California.  Discrete  faults are imaged with unprecedented detail in tectonic regions as 
diverse as the San Andreas Fault system (SAF), the Mendocino  Triple Junction (MTJ), the Long Valley Caldera  (LVC), and the region 
of induced  earthquakes  at the Geysers Geothermal  Field (GGF). We find that 90% of the earthquakes have correlated  P - and  S -wave 
trains at common  stations. The occurrence of correlated  earthquakes  is widespread  across northern California  with some of the highest 
concentrations  being observed  along the transform  faults within the SAF system, in the LVC region, at the GGF, and at the MTJ, 
indicating the general applicability of these methods  to improve hypocenter locations. Using repeating  earthquakes  we find that, at the 
95% confidence level, network  locations  are mislocated  on average by 0.7 km horizontally, and 2 km vertically.  This study shows  that  
consistent  long-term seismic  monitoring practices and data archiving policies, as is the case at the Northern California Seismic  
Network,  are key to improve catalogued  hypocenters obtained  from standard single-event location methods using phase picks, and to 
determine  accurate  location of future events within the framework of earthquake monitoring. 
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Abstract  To better understand the connection between  earthquake production and geothermal/magmatic systems,  we studied the extent of fluid - 
influenced  faulting in the Long Valley volcanic region. We focused  on a 100 -km-wide circular area centered at the Long Valley 
caldera that also encompassed  the Mono -Inyo Craters to the north and the Sierra Nevada Mountain  block to the south. We performed 
a comprehensive  search for events greater than M 3.5 since 1993 with significant  coseismic  volume changes  in their 
source  region. Using three-component broadband  digital waveforms at regional distances,  we solved for four different source models: 
double  couple (DC), deviatoric  DC + isotropic,  and full moment tensor. Using the F-test as a statistical  aid, we determined which of the 
four models was most appropriate  for each event. We then conducted  stability  tests to determine  the robustness  of the focal 
mechanism solutions and isotropic components. Our results show that fluid -influenced  earthquakes  in the magnitude range studied are 
quite rare in the Long Valley volcanic region. Of 33 high-quality events, 28 are best characterized  by a simple DC source model, 4 by 
a DC + isotropic source model, and 1 by a full moment tensor model. 
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Abstract We investigate  the effects of viscoelastic (VE) rheologies  surrounding a vertically dipping prolate spheroid  source during an active 

period of time-dependent deformation between  1995 and 2000 at Long Valley caldera. We model a rapid magmatic  inflation episode and 
slip across the South Moat fault (SMF) in late 1997. We extend the spherical  VE shell model of Newman  et al. [Newman,  A.V., Dixon, 
T.H., Ofoegbu,  G., Dixon, J.E., 2001. Geodetic  and seismic  constraints on recent activity at Long Valley caldera, California: Evidence 
for viscoelastic rheology.  J. Volcanol.  Geotherm.  Res. 105, 183 -206.] to include a prolate spheroid geometry  more accurately 
representing the probable source geometry  inferred from other studies. This paper presents  the first attempt to geodetically  constrain the 
volcanic deformation source volume at Long Valley, a parameter  for hazard assessment. Including fault slip along the SMF explains 
significant  deformation observed  with several EDM baselines and components of two continuous GPS time series. Additionally, the model 
explains  the spatial extent of deformation observed  by InSAR data covering  the 1997-98 inflation episode. For the time period studied, 
the VE model requires modest pressure changes  (maximum  of 14.3 MPa) that are far lower than the overburden pressure ( 
approximately  115 MPa), and less than the maximum  for a purely elastic model with the same geometry  and elastic strength ( 
approximately  45 MPa). Thus, the inclusion of a realistic VE component significantly  lowers the inferred pressures 

necessary  to explain  observed  surface  deformation.  Though  our model is non -unique,  it is consistent  with a broader  variety  of data 
compared to purely elastic  models.  Only right-lateral  slip, and not dilitation,  was necessary  to explain  offsets  in EDM data near and 
crossing the SMF. 
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Abstract  Long Valley Caldera  and the Mono -Inyo Craters chain form a large volcanic complex in eastern California  that has experienced 
persistent earthquake activity and ground uplift over the past 25 years. The central part of Long Valley Caldera  (an area of more than 
100 square km) has been slowly rising since 1980 at an average rate of 3 cm a (super -1) . Inversion of micro-gravimetry and 
deformation data using a single vertical prolate ellipsoid source has helped to define the existence of a relatively  shallow  (5-8 km) silicic 
magma intrusion of 0.11-0.19 km (super 3) beneath the caldera's resurgent  dome. We use the information from the single- source 
inversion  to constrain a more general three-dimensional  distribution of volume changes  in the subsurface. The distributed inversion 
identifies  two main inflation areas beneath the resurgent  dome: one following the regional trend of north-south faults, and another in 
the dome's southern section, parallel to a strike-slip fault that is responsible for most of the seismic  activity in the caldera's south moat. 
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Abstract For the past decade, the USGS has been monitoring deformation at various locations  in the western  United States using continuous 
GPS. The main focus of these measurements  are estimates  of displacement averaged  over one day. Essentially,  these consist of 

recording  at 30 seconds intervals the carrier -frequency  phase-data (equivalent  to travel-time) between  a GPS receiver and the GPS 
satellite network. In turn, these observations,  which are converted  to pseudo-ranges, are processed  using one of the "research grade" 
programs to estimate  the position of the GPS receiver averaged  over 24 hours. However, it is possible and desirable to estimate the 
position of the receiver (actually the antenna)  more frequently and to do this within a few seconds of the time actual measurement 
(known as real -time). A recent example, the 2004 Magnitude 6, Parkfield,  California  earthquake, demonstrated  that having GPS 
estimates  of position more frequently  than simply a daily average is required  if one requires discrimination  between 
co-seismic and post-seismic deformation. The high-rate estimates  of position obtained  at Parkfield show that post-seismic 
deformation  started less than one -hour after the mainshock  and that this deformation was roughly the same magnitude as the 
co-seismic deformation. The high-rate solutions  for Parkfield were done by others including Yehuda Bock at UCSD and Kristine 
Larson at Univ. of Colorado,  but not the USGS. 

 
Pages   37 

 
Publication  Year   2006 

 
Publication  Type   Serial; Report; Monographic 

 
Country of Publication    United States (USA) 

 
Accession  Number    2007-055254 

 
 

19. Database   GeoRef 



Long Valley Caldera, California

173

 

 

 
 

Title     Waveform cross-correlation -based differential travel-time measurements at the Northern California seismic 
network 

 
Author Schaff, David P ;  Waldhauser, Felix 

 
Affiliation Lamont -Doherty  Earth Observatory, Palisades,  NY, United States (USA) 

 
Source Bulletin of the Seismological  Society of America,  vol.95, no.6, pp.2446-2461, Dec 2005 

 
Resource  Location    http://www.seismosoc. org/publications/ bssa. html 

 
Publisher Seismological  Society of America,  Berkeley,  CA, United States (USA) 

 
Abstract  We processed  the complete digital seismogram database  for northern California  to measure accurate  differential  travel times for 

correlated earthquakes  observed  at common  stations. Correlated earthquakes  are earthquakes  that occur within a few kilometers  of 
one another and have similar focal mechanisms, thus generating  similar waveforms, allowing measurements  to be made via cross- 
correlation analysis. The waveform  database  was obtained  from the Northern California  Earthquake Data Center and includes  about 15 
million seismograms  from 225,000 local earthquakes  between  1984 and 2003. A total of 26 billion cross-correlation measurements were 
performed  on a 32-node (64 processor)  Linux cluster, using improved  analysis tools. All event pairs with separation distances of 5 km 
or less were processed  at all stations that recorded  the pair. We computed  a total of about 1.7 billion P - wave differential  times from 
pairs of waveforms that had cross-correlation coefficients (CC) of 0.6 or larger. The P -wave differential  times are often on the order of 
a factor of ten to a hundred  times more accurate  than those obtained  from routinely  picked phase onsets. 1.2 billion S -wave differential 
times were measured  with CC> or =0.6, a phase not routinely picked at the Northern California Seismic Network  because of the noise 
level of remaining  P coda. We found that approximately  95% of the seismicity  includes  events that have cross-correlation coefficients 
of CC> or =0.7 with at least one other event recorded  at four or more stations. At some stations more than 40% of the recorded  events 
are similar at the CC> or =0.9 level, indicating the potential existence of large numbers  of repeating  earthquakes. Large numbers of 
correlated  events occur in different tectonic regions, including  the San Andreas Fault, Long Valley caldera, Geysers geothermal field 
and Mendocino  triple junction. Future research using these data may substantially improve earthquake locations  and add insight into 
the velocity  structure in the crust. 
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Abstract  We examine  20-yr data sets of seismic  activity from 10 volcanic areas in the western United States for annual periodic  signals 
(seasonality), focusing on large calderas  (Long Valley caldera and Yellowstone) and stratovolcanoes  (Cascade  Range). We apply 
several statistical  methods  to test for seasonality in the seismic  catalogs.  In 4 of the 10 regions, statistically significant  seasonal 
modulation of seismicity  (>90% probability)  occurs, such that there is an increase in the monthly  seismicity  during a given portion of 
the year. In five regions, seasonal  seismicity  is significant  in the upper 3 km of the crust. Peak seismicity occurs in the summer and 
autumn in Mt. St. Helens, Hebgen  Lake/Madison  Valley, Yellowstone Lake, and Mammoth  Mountain.  In the eastern south moat of 
Long Valley caldera (LVC) peak seismicity  occurs in the winter and spring. We quantify  the possible external forcing mechanisms 
that could modulate  seasonal  seismicity.  Both snow unloading and groundwater recharge  can generate  large stress changes  of >5 
kPa at seismogenic depths and may thus contribute  to seasonality. 
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Abstract  The M (sub w) 7.9 Denali fault earthquake in central Alaska of 3 November  2002 triggered earthquakes  across western  North America 
at epicentral  distances of up to at least 3660 km. We describe the spatial and temporal development of triggered  activity in California and  
the Pacific Northwest,  focusing on Mount Rainier, the Geysers geothermal field, the Long Valley caldera, and the Coso geothermal field.  
The onset of triggered  seismicity  at each of these areas began during the Love and Raleigh waves of the M (sub w) 7.9 wave train,  
which  had dominant  periods of 15 to 40 sec, indicating that earthquakes  were triggered  locally by dynamic stress changes  due to low -
frequency  surface wave arrivals.  Swarms during the wave train continued  for approximately  4 min (Mount Rainier) to approximately 
40 min (the Geysers) after the surface wave arrivals and were characterized  by spasmodic  bursts of small (M< or =2.5) earthquakes. 
Dynamic stresses within the surface wave train at the time of the first triggered  earthquakes  ranged from 0.01 MPa (Coso) to 0.09 MPa 
(Mount Rainier). In addition  to the swarms that began during the surface wave arrivals,  Long Valley caldera and Mount Rainier 
experienced unusually large seismic  swarms hours to days after the Denali fault earthquake. These swarms seem to represent  a delayed  
response  to the Denali fault earthquake. The occurrence of spatially and temporally  distinct swarms of triggered  seismicity  at the same 
site suggests  that earthquakes  may be triggered  by more than one physical process. 
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Abstract  The 3 November  2002 M (sub w) 7.9 Denali fault earthquake triggered  deformational offsets and microseismicity  under Mammoth 
Mountain (MM) on the rim of Long Valley caldera, California,  some 3460 km from the earthquake. Such strain offsets and 
microseismicity were not recorded  at other borehole strain sites along the San Andreas fault system in California. The Long Valley 
offsets were recorded  on borehole strainmeters  at three sites around the western  part of the caldera that includes  Mammoth 
Mountain--a young volcano on the southwestern  rim of the caldera. The largest recorded  strain offsets were -0.1 microstrain  at PO on the 
west side of MM, 0.05 microstrain  at MX to the southeast  of MM, and -0.025 microstrain  at BS to the northeast  of MM with negative 
strain extensional.  High sample rate strain data show initial triggering  of the offsets began at 22:30 UTC during the arrival of the first 
Rayleigh waves from the Alaskan earthquake with peak -to -peak dynamic strain amplitudes of about 2 microstrain  corresponding to a 
stress amplitude  of about 0.06 MPa. The strain offsets grew to their final values in the next 10 min. The 
associated  triggered  seismicity  occurred beneath the south flank of MM and also began at 22:30 UTC and died away over the next 
15 min. This relatively  weak seismicity  burst included some 60 small events with magnitude all less than M = 1. While poorly 
constrained, these strain observations  are consistent  with triggered  slip and intrusive opening on a north-striking normal fault centered 
at a depth of 8 km with a moment of 10 (super 16) N m, or the equivalent  of a M 4.3 earthquake. The cumulative  seismic moment for 
the associated  seismicity  burst was more than three orders of magnitude smaller.  These observations  and this model resemble those 
for the triggered deformation and slip that occurred beneath the north side of MM following the 16 October 1999 M 7.1 Hector Mine, 
California,  earthquake. However, in this case, we see little post-event slip decay reflected  in the strain data after the Rayleigh-wave 
arrivals from the Denali fault earthquake and onset of triggered  seismicity  did not lag the triggered  deformation by 20 min. These 
observations  are also distinctly  different from the more widespread and energetic seismicity  and deformation triggered  by the 1992 M 
7.3 Landers earthquake in the Long Valley caldera. Thus, each of the three instances of remotely  triggered  unrest in Long Valley 
caldera recorded  to date differ. In each case, however, the deformation moment inferred from the strain meter data was more than an 
order of magnitude larger than the cumulative moment for the associated  triggered  seismicity. 
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Abstract  Our project has resulted 3 significant  contributions  to the USGS NEHRP  program:  1. We have located at least 2 new fault zones 
between the San Andreas fault and the internationally  supported  SAFOD drilling site, where current work is being done to drill through 
the San Andreas at unprecedented  depths of 3 km. These faults are important  because the drilling will cut through them and they may 
be a major part of the SAF's mechanical  operation.  2. In collaboration  with the USGS and Carnegie Institution  of Washington DC we 
have install a geophysical observatory  in Long Valley Caldera  in the LV Exploratory  Well during the summer of 2003. This observatory 
is important  because it can detect very small changes  in the volcanic system underlying  the LV area. 3. We have analyzed  earlier 
earthquake data from the LVEW, gathered  in preparation  for the 2003 installation  and found unique earthquake  sources. This work is 
important  because it give insight into the multiple ways a volcanic system can produce earthquakes. 
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Abstract  We processed  the complete digital seismogram data base for Northern California  to measure accurate  differential  times for correlated 
earthquakes observed  at common  stations. Correlated earthquakes  are earthquakes  that occur within a few kilometers  of one another and  
have similar focal mechanisms, thus generating  similar waveforms, which allows measurements  to be made via cross correlation analysis.  
The waveform  data base was obtained  from the Northern California  Earthquake Data Center and includes  about 15 million seismograms  
from 225,000 local earthquakes  between  1984-2001. A total of 26 billion cross correlation measurements  were performed on a 32-node 
(64 processor)  Linux cluster, using improved  analysis tools. We computed  a total of about 1.7 billion P - wave differential times  from pairs 
of waveforms with cross correlation coefficients of 0.6 or larger. The P -wave differential  times are on the order of a factor of ten to a 
hundred  times more accurate  than those obtained  from routinely  picked phase onsets. 1.2 billion S -wave differential times were  
measured,  a phase not routinely  picked at the Northern California  Seismic  Network  because of the generally weak onset of S -phases.  
We found that approximately  90% of the seismicity  includes  events that have cross-correlation coefficients of CC>0.7, with at least one  
other event recorded  at four or more stations. At some stations more than 40% of the recorded events are similar at the CC>0.9  level,  
indicating the potential existence of large numbers of repeating  earthquakes. Large numbers of correlated  events occur in different  
tectonic  regions, including  the San Andreas Fault, the Long Valley Caldera, and the Mendocino Triple Junction.  Future 
research using these data may substantially  improve earthquake locations  and add insight into the velocity structure in the crust. Such 
work will help the seismic  hazard community to better understand the risks and hazards associated with earthquakes  in Northern 
California. 
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Abstract  The Long Valley Volcanic  Field in east-central California  straddles the East Sierran frontal fault zone, overlapping the Sierra Nevada 

and western  Basin and Range Provinces. Long Valley volcanism  began about 4 Ma during Pliocene  time and has continued 
intermittently through the Holocene.  The current (post-1980) seismic  unrest at Long Valley, accompanied  by uplift of the resurgent 
dome, may signal the onset of a new episode  of regional extension and basalt injection  into the residual  magma  chamber. 
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Abstract  At Long Valley caldera, California,  both local and distant earthquakes  have produced persistent  water level drops in wells on and 

north of the caldera's resurgent  dome, accompanied  by earthquake -induced  fluid level increases  in the caldera's hydrothermally  active 
south moat. Earthquake-induced water-level drops on and north of the resurgent  dome may represent  diffusion of localized fluid 
pressure drops induced  abruptly by seismic  waves. We evaluate  this hypothesis  using recent data from the Long Valley Exploration 
Well (LVEW), a 3 km deep borehole penetrating the center of the resurgent  dome. The uncased interval of the LVEW penetrates 
relatively  impermeable metapelite,  and fluid communication  is primarily through a conductive  fracture 2.6 km below the surface. It has 
proven useful to collect data using pressure-temperature logging tools built to operate for extended  periods at the depth of the fracture 
zone (temperature 102 degrees C, pressure 22.3 MPa). Data from a pumping  test in September, 2001, are consistent with a high- 
conductance planar fracture 10-100 m long in country rock with hydraulic  diffusivity  of 1-10 m (super 2) /s. Tidal amplitudes at the 
fracture zone depth are 1.93 kPa peak -to -peak, and the ratio of pressure change to strain based on the M2 earth tide constituent is 
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30.3 kPa/microstrain.  Both the Hector Mine, California  (Oct. 16, 1999, M7.1) and Denali Fault, Alaska (Nov. 4, 2002, M7. 9) 
earthquakes  produced  steplike pressure drops in the LVEW which reached their minimum values (1.24 kPa and 1.17 kPa, respectively)  
within 3 hours. In contrast,  water level drops induced  by the same two earthquakes  at the shallower  LKT well, 4 km NW of the center  
of the dome, required  10 to 15 days to reach their minima.  The Denali Fault earthquake response  at the LVEW was not only faster  
than at LKT, but also about twice as large, consistent  with fluid pressure changes  occurring  abruptly with the passage of seismic 
waves at a location closer to the LVEW than to LKT. The pressure drops caused by the Hector Mine earthquake are less consistent 
with this conceptual model, because the fluid pressure dropped  slightly more in LKT than in the LVEW. Continued  fluid - pressure 
monitoring should yield more information about the time-space distribution of earthquake -induced  fluid -pressure changes  at Long 
Valley. 
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Abstract Mammoth  Mountain,  a rhyolite to dacite dome complex on the southwestern  rim of the Long Valley Caldera  in eastern central 

California,  has shown signs of volcanic unrest since the early 1980s. High concentrations  of cold magmatic  carbon dioxide (CO (sub 
2) ), vent from the flanks of the mountain,  and this gas is responsible for over 170 acres of dead trees in that area since 1990. Shallow 
magmatic  intrusions,  inferred from seismic activity, ground deformation, and changes  in fumarolic gas composition  on and around 
Mammoth  Mountain  beginning  in 1989, have been interpreted  as the source of the CO (sub 2) gas. Airborne  and satellite based remote 
sensing data for the field area, collected  using multi- and hyperspectral  [NS001  (TMS), MASTER,  ASTER  and AVIRIS] sensors, are 
evaluated  to map the spatial and temporal variation  in the distribution of magmatic  CO (sub 2) -induced tree kills between 1989 and 
present. Two seasons (1998 and 2003) of field spectral measurements  have been incorporated into the remote sensing evaluation  to 
establish  the reflectance  characteristics  of the field area, allow for error evaluation, and provide ground truth measurements for improving 
the quality of the remote sensing analyses. The results of the temporal remote sensing assessment, combined using geographic 
information systems, are highlighting  relationships  between  surface geology  and areas of tree mortality and delineating the migration  of 
tree kills since 1989. These evaluations  improve our understanding  of the structure and volcanic activity beneath Mammoth  Mountain 
and aid in analysis of future volcanic unrest. 
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Abstract  Unrest in Long Valley Caldera  and the adjacent Sierra Nevada from 1995 through 2000 was dominated by three major episodes:  (1) the 
March-April 1996 earthquake swarm in the east lobe of the south moat; (2) the July 1997-January 1998 caldera-wide unrest; and (3) a 
sequence of three M>5 earthquakes  (9 June 1998, 13 July 1998, and 15 May 1999 UT) located in the Sierra Nevada block immediately 
south of the caldera. These three unrest episodes  each had distinct characteristics  with distinct implications  for associated hazards. 
Seismicity  developed  as earthquake swarms for the 1996 and 1997-98 episodes,  both of which were within the caldera. In contrast,  the 
series of three M>5 earthquakes  south of the caldera in 1998-99 each developed  as a mainshock-aftershock sequence. Marginal 
deformation within the caldera associated  with the 1996 swarm and the 1998-99 M>5 earthquakes  is consistent  with the cumulative 
seismic  moments  for the respective  sequences. Deformation associated  with the 1997-98 episode, however, was roughly five times 
larger than can be accounted  for by the cumulative  seismic  moment of the associated  earthquake swarm. We conclude that the 1997-98 
episode  was associated  with mass transport  (local intrusion of magma  or magmatic  brine) and that the associated earthquake swarm 
activity, which had a relatively  high b-value of 1.2, was largely driven by the intrusive process. In contrast, the 1996 earthquake swarm 
and the 1998-99 M>5 mainshock-aftershock sequences, both with "normal"  b-values of approximately 0.9, represent  brittle relaxation  to 
previously accumulated  stresses associated  with little or no mass transport. These relations emphasize the importance of simultaneous, 
real -time monitoring of both seismicity  and deformation as a basis for judging whether an evolving  unrest episode  has the potential for 
culminating  in a volcanic eruption. 
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Abstract  Distant as well as local earthquakes  have induced  groundwater-level  changes  persisting  for days to weeks at Long Valley caldera, 
California. Four wells open to formations as deep as 300 m have responded  to 16 earthquakes, and responses  to two earthquakes  in the 
3-km-deep Long Valley Exploratory  Well (LVEW) show that these changes  are not limited to weathered or unconsolidated near - surface 
rocks. All five wells exhibit water-level variations  in response  to earth tides, indicating they can be used as low -resolution  strainmeters. 
Earthquakes induce gradual water-level changes  that increase in amplitude  for as long as 30 days, then return more slowly to pre- 
earthquake levels. The gradual water-level changes  are always drops at wells LKT, LVEW, and CH-10B, and always rises at well CW-3. 
At a dilatometer just outside the caldera, earthquake -induced  strain responses  consist of either a step followed  by a contractional  strain- 
rate increase, or a transient  contractional  signal that reaches a maximum  in about seven days and then returns toward the pre- 
earthquake value. The sizes of the gradual water-level changes  generally increase with earthquake magnitude and decrease with 
hypocentral distance.  Local earthquakes  in Long Valley produce coseismic water-level steps; otherwise  the responses  to local 
earthquakes  and distant earthquakes  are indistinguishable.  In particular,  water-level and strain changes  in Long Valley following the 
1992 M7.3 Landers earthquake, 450 km distant, closely resemble  those initiated by a M4.9 local earthquake on November 22, 1997, 
during a seismic  swarm with features indicative  of fluid involvement. At the LKT well, many of the response 
time histories are identical  for 20 days after each earthquake, and can be matched  by a theoretical  solution giving the pore pressure 
as a function  of time due to diffusion of a nearby, instantaneous,  pressure drop. Such pressure drops could be produced  by 
accelerated inflation of the resurgent  dome by amounts  too small to be detected  by the two-color electronic distance-measuring network. 
Opening-mode displacement in the south moat, inferred to have followed  a M4.9 earthquake on November  22, 1997, could also create 
extensional  strain on the dome and lead to water-level changes  similar to those following dome inflation. Contractional strain that could 
account  for earthquake -induced  water-level rises at the CW-3 well is inconsistent with geodetic  observations.  We instead attribute 
these water-level rises to diffusion of elevated  fluid pressure localized in the south moat thermal aquifer. For hydraulic diffusivities 
appropriate  to the upper few hundred  meters at Long Valley, an influx of material at temperatures of 300 degrees C can thermally 
generate pressure of 6 m of water or more, an order of magnitude larger than needed to account  for the CW-3 water-level rises. If 
magma  or hot aqueous  fluid rises to within 1 km of the surface in the eastern part of the south moat, then 
hydraulic  diffusivities  are high enough to allow fluid pressure to propagate  to CW-3 on the time scale observed.  The data indicate that 
seismic  waves from large distant earthquakes  can stimulate  upward movement of fluid in the hydrothermal  system at Long Valley. 

 
Publication  Year   2003 

 
Publication  Type   Serial; Analytic 

 
Country of Publication    Netherlands (NLD) 

 
Accession  Number   2005-016381 



Long Valley Caldera, California

183

 

 

 
 

44. Database   GeoRef 
 

Title     Open fissure mineralization at 2600 m depth in Long Valley Exploratory Well (California); insight into the history 
of the hydrothermal system 

 
Author Fischer, Miriam; Roeller, Klaus ;  Kuester, M; Stoeckhert, Bernhard; McConnell, Vicki Sue 

 
Affiliation Ruhr University  Bochum,  Institute  of Geology,  Mineralogy  and Geophysics,  Bochum,  Federal Republic of Germany  (DEU) 

 
Affiliation Oregon Department  of Natural Resources,  United States (USA); Oregon Department  of Geology and Mineral Industries,  United 

States  (USA) 
 

Monograph  Title   Crustal unrest in Long Valley Caldera, California;  new interpretations  from geophysical and hydrologic  monitoring and deep drilling 
 

Editor    Sorey, Michael L; McConnell, Vicki Sue; Roeloffs,  Evelyn 
 

Affiliation U. S. Geological  Survey, Portola Valley, CA, United States (USA) 
 

Source Journal of Volcanology and Geothermal  Research,  vol.127,  no.3-4, pp.347-363, 15 Oct 2003 
 

Resource  Location    http://www.sciencedirect.com/ science/journal/03770273 
 

Publisher Elsevier,  Amsterdam, Netherlands (NLD) 
 

Abstract  Long Valley Exploratory  Well, drilled into the Resurgent  Dome at Long Valley Caldera (California)  to explore the potential of 
geothermal power in an active magmatic  system, achieved  temperatures of only ca. 100 degrees C at 2500-3000 m depth, well below 
the range expected atop an active magma  chamber.  Open fissures encountered at 2600 m depth are coated by mm-sized 
idiomorphic quartz crystals with first- and second-order growth discontinuities.  Specific  growth defects indicating rapid crystallization 
reflect sudden changes in SiO (sub 2) supersaturation.  Fluid inclusions  contain low salinity (0-5 wt% NaCl) and low CO (sub 2) (<3 
mole%) aqueous  fluids, with V -L homogenization  temperatures of 300 -350 degrees C, indicating trapping at more than 200 degrees 
C above the ambient temperatures measured  within the borehole today. Fluid composition  and inclusion density varies between and 
within the growth zones, reflecting progressive changes  in the hydrothermal  system during crystallization.  Episodic  crystallization 
from supersaturated fluids is interpreted  to reflect sudden changes  in the convection  pattern, presumably induced  by seismic  activity, 
with a more recent and dramatic  reorganization  resulting  in convective  cooling. The quartz crystals are sensitive recorders  of the 
earlier higher temperature history, unaffected by the present -day situation. 
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Publisher Geological  Society of America  (GSA), Boulder, CO, United States (USA) 
 

Abstract     Mammoth  Mountain  Volcano, on the southwestern  ring fracture of the Long Valley Caldera in eastern central California,  has shown 
signs of volcanic unrest since the early 1980s. High concentrations  of cold carbon dioxide (CO (sub 2) ), believed to be volcanogenic 
in nature, are being emitted from the flanks of the mountain.  The emitted CO (sub 2) is interpreted  to be the cause of over 170 acres 
of dead trees in that area since 1990. Shallow  magmatic intrusions,  inferred from seismic  activity, ground deformation, and changes 
in fumarolic gas composition  on and around Mammoth  Mountain  beginning  in 1989, have been interpreted  as the source of the CO 

(sub 2) gas. Airborne  remote sensing data for the field area, collected  using multi- and hyperspectral  (NS001 (TMS), MASTER, ASTER 
and AVIRIS) sensors,  are being evaluated to map the spatial and temporal variation  in the distribution of magmatic  CO (sub 2) - induced  
tree kills between  1989 and present. Field spectral  measurements  have been incorporated into the remote sensing evaluation 
to establish  the reflectance  characteristics  of the field area, to provide ground truth measurements  and improve the quality of the 
remote sensing analyses. The results of the temporal remote sensing assessment  have been integrated  into a geographic  information 
system with a detailed  geologic map of the field area to highlight relationships  between  surface geology  and areas of tree mortality. 
These evaluations  will assist in constructing a picture of the structure and volcanic activity beneath Mammoth  Mountain  and aid in 
analysis of future volcanic unrest. 
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Abstract     High Concentrations of cold Carbon dioxide (CO (sub 2) ) emitted from the flanks of Mammoth Mountain  volcano, on the southwestern 

ring fracture of the Long Valley Caldera, eastern California,  are believed to be the cause of over 170 acres of dead trees in that area 
since 1990. Shallow  magmatic  intrusions,  inferred from seismic  activity, ground deformation, and changes  in fumarolic gas 
composition  on and around Mammoth  Mountain  beginning  in 1989, have been interpreted  as the source of the CO (sub 
2) gas. To evaluate  volcanic activity and interpret  subsurface  conditions  at Mammoth Mountain, this study maps the spatial and 
temporal variations  in the distribution of magmatic CO (sub 2) -induced  tree kills using remote sensing technology. Digital mapping  of the 
time-varied CO (sub 2) -induced  tree kills incorporates  available  multi-and hyper -spectral image sets from NASA, including: AVIRIS, 
TIMS, NS001 (TM Simulator), and MASTER  data for the study area. Spectral  measurements  have been made in the field to establish 
the reflectance  characteristics  of the field area, to provide ground truth measurements  and improve the quality of the remote sensing 
analyses. Developing an understanding  of the temporal migration  of CO (sub 2) emission-induced tree kills may assist in constructing a 
picture of the structure and volcanic activity beneath Mammoth  Mountain  and aid in analysis of future volcanic unrest. 
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Abstract  High Concentrations of cold Carbon dioxide (CO (sub 2) ) emitted from the flanks of Mammoth Mountain 
volcano, on the southwestern  ring fracture of the Long Valley Caldera, eastern California,  are believed to be 
the cause of over 170 acres of dead trees in that area since 1990. Shallow  magmatic  intrusions, inferred 
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from seismic  activity, ground deformation, and changes in fumarolic gas composition  on and around Mammoth  
Mountain beginning in 1989, have been interpreted  as the source of the CO (sub 2) gas. To evaluate volcanic 
activity and interpret subsurface  conditions  at Mammoth  Mountain,  this study maps the spatial and temporal  
variations  in the distribution of magmatic CO (sub 2) -induced  tree kills using remote sensing technology. Digital  
mapping  of the time-varied CO (sub 2) - induced tree kills incorporates  available multi-and hyper -spectral  image  
sets from NASA, including: AVIRIS, TIMS, NS001 (TM Simulator), and MASTER  data for the study area.  
Spectral measurements  have been made in the field to establish  the reflectance  characteristics of the field area,  
to provide ground truth measurements  and improve the quality of the remote sensing analyses. Developing an 
understanding  of the temporal migration  of CO (sub 2) emission- induced  tree kills may assist in constructing a 
picture of the structure and volcanic activity beneath Mammoth Mountain  and aid in analysis of future volcanic 
unrest. 
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Abstract  Long Valley caldera in east-central California  has shown twenty years of volcanic unrest beginning 
with an intense earthquake swarm in May 1980 that included four M6 earthquakes accompanied by a 
25-cm upwarping  of the resurgent  dome. Since 1980, notable unrest episodes have included 1) a 
seismic  swarm in January 1983 with two M = 5.3 earthquakes; 2) a swarm of 8-months duration 
beneath Mammoth  Mountain  on the southwest  rim of the caldera in 1989, followed  by diffuse carbon 
dioxide degassing  around the flanks of the mountain that continues  through the present, and 3) the 
strong swarm of July 1997-January 1998 that included nine M>4 earthquakes  accompanied  by an 
additional  10-cm uplift of the resurgent dome. The resurgent dome currently  stands over 70 cm higher 
than in l978. Each of these unrest episodes  appears to have been associated  with a magmatic 
intrusion to depths as shallow  as 3 to 4 km beneath the surface. Initial notification  of the potential 
volcanic hazards associated  with this unrest in May 1982, which used the lowest of a 3-level USGS 
warning  system then in effect, was met with disbelief  and anger by local residents. This 3-level 
warning system was officially replaced  by a "WARNING/no-WARNING" scheme in 1984. In response 
to the request  from a frustrated local official for more systematic  emergency-response guidance (short 
of a full WARNING)  during the 1989 unrest episode, we developed  a five-level alphabetic  code 
(E...A) for local volcanic hazards.  This code worked well between  scientists  and the civil authorities 
but was widely misunderstood  by both the media and the public. In an attempt to make the 
notification  system more understandable to all concerned, we converted  this alphabetic  code to a 
four-level color code (green, yellow, orange, red) in June 1997. This new system worked well during 
the strong unrest episode  of July 1997 - January 1998. While relative quiescence  in caldera unrest 
since mid-1999 has not further tested the color -code scheme, it has emphasized the challenge in 
maintaining awareness of local volcanic hazards and the hazards communication  system by 
emergency response  agencies  and the public over the long term. 
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Abstract  The vertical component P -wave receiver function  is an important source of data in studies of the crust/mantle  

transfer function  for determining  Earth structure under isolated receivers or under receiver arrays. This  
waveform  illuminates  a missing aspect of the wave propagation in receiver function  studies that employ only  
the horizontal components of motion, and yields complementary constraints on near receiver heterogeneity  and  
P -wave propagation. The vertical component P -wave receiver function  is formed using an array estimate  for 
the effective teleseismic source function  that is then deconvolved from all the vertical and 
horizontal components of ground motion at each station in the array. One-dimensional,  three-dimensional, and 
stochastic  wave -propagation models are used to test the robustness  of the technique.  Breakdown of single- 
station receiver function  deconvolution  occurs because of high levels of noncorrelated  noise between  the 
ground-motion  components. Receiver functions  for stations of the southern California  TERRAscope array are 
investigated  using the array technique.  Vertical receiver functions for stations in the Los Angeles Basin and 
Long Valley Caldera show high-amplitude secondary  arrivals that cannot be explained by simple 1D 
structures  but probably  reflect wave propagation in 3D basin structures. Three-component receiver functions 
from the station at Mammoth  Lakes, California, show pathological  behavior  where the horizontal  components 
of ground motion exceed the amplitude  of the vertical components, suggesting extreme topographic  and 3D 
velocity heterogeneity.  Use of all three components of the receiver function  in modern passive array 
experiments is encouraged to reduce the problems  of nonuniqueness  in determining Earth models. 
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Title     Multiple ruptures for Long Valley microearthquakes; a link to volcanic tremor ? 
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Abstract Despite several episodes  of ground deformation and intense seismic  activity starting in 
1978,  the Long Valley, California,  volcanic area has not produced clearly recognized  volcanic tremor. 
Instead, a variety of atypical microearthquakes  have been recorded  during these episodes,  including  events 
dominated by low -frequency (long-period) or mixed high 

and low -frequency  (hybrid) signals. During a 1997 episode, a number of unusual microearthquakes occurred 
within a temporary 40-station seismic  network  surrounding the Casa Diablo area, allowing the events to be 
precisely  located and analyzed  as a function  of azimuth, offset, and source characteristics.  Eight prime 
examples  lie within two, 7 km-deep clusters of seismicity separated  by about 1km, with four events in each 
cluster. Empirical Green's function  deconvolution  shows that these events are composed  of two to three sub- 
events, the sub-events consisting  of ordinary (single rupture, double -couple) microearthquakes. The delay times  
between  the sub-events are constant  within each cluster, equaling 0.092s in one and 0.06s in the 
other. Events from other clusters show similar delays. The signal interference produced  by the closely 
spaced sub-events gives rise to modulated, delay-dependent source spectra. The regularity  of the delays 
suggests  that the sub-events are being triggered  by a fixed length and/or time scale process, an example 
being the length/inflation  rate of a magmatic  or hydrothermal  flow structure.  With continued action of the 
triggering  process, the sub-events could proliferate  and evolve into observable  volcanic tremors at 
Mammoth. 
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Abstract  To investigate  seismic  source parameter  scaling and seismic efficiency  in the Long Valley caldera, 

California,  we measured source parameters  for 41 earthquakes  (M 0.5 to M 5) recorded at 2 km depth in the 
Long Valley Exploratory  Well. Borehole recordings provide a wide frequency  bandwidth, typically 1 to 200 - 
300 Hz, and greatly reduce seismic  noise and path effects compared  to surface recordings. We calculated 
source parameters  in both the time and frequency  domains  for P and S waves. At frequencies above the 
corner frequency,  spectra decay faster than omega (super 3) , indicating that attenuation plays an important 
role in shaping  the spectra (path averaged  Q (sub p) = 100 -400, Q (sub s) = 200 -800). Source parameters 
are corrected for attenuation and radiation  pattern. Both static stress drops and apparent  stresses range 
from approximately  0.01 to 30 MPa. Although  static stress drops do not vary with seismic  moment for these 
data, our analyses  are consistent  with apparent  stress increasing  with increasing  moment. To estimate 
tectonic driving stress and seismic  efficiencies in the region, we combined source parameter  measurements 
with knowledge of the stress field and a Coulomb  failure criterion to infer a driving stress of 40- 
70 MPa. Subsequent  seismic  efficiencies are consistent  with McGarr's  (1999) hypothesis  of a maximum 
seismic  efficiency  of 6%. 
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Abstract  We analyzed  and compared  the seismic  activity that has occurred in the last two to three decades in three 

distinct volcanic areas: Phlegraean Fields, Italy; Vesuvius,  Italy; and Long Valley, California.  Our main goal 
is to identify and discuss  common features and peculiarities in the temporal evolution  of earthquake 
sequences that may reflect similarities  and differences  in the generating  processes  between  these volcanic 
systems.  In particular, we tried to characterize the time series of the number of events and of the seismic 
energy release in terms of stochastic,  deterministic, and chaotic components. The time sequences  from each 
area consist of thousands  of earthquakes  that allow a detailed  quantitative  analysis and comparison. The 
results obtained  show no evidence  for either deterministic or chaotic components in the earthquake 
sequences  in Long Valley caldera, which appears to be dominated by stochastic behavior.  In contrast, 
earthquake sequences at Phlegraean Fields and Mount Vesuvius show a deterministic signal mainly 
consisting  of a 24-hour periodicity. Our analysis suggests  that the modulation  in seismicity  is in some way 
related to thermal diurnal processes, rather than luni-solar tidal effects. Independently  from the 
process  that generates  these periodicities on the seismicity,  it is suggested  that the lack (or presence) of 
diurnal cycles in seismic swarms of volcanic areas could be closely linked to the presence  (or lack) of 
magma  motion. 
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Abstract  Long Valley Caldera  is an active volcanic region in east central California.  Surface deformation on the 
resurgent  dome within the caldera was an order of magnitude higher for the five-month period September 
1997 through January 1998 compared  to the previous three-year average. However, the location of the 
immediate  (shallow)  source of deformation  remained essentially constant, 5-7 km beneath the dome, near 
the top of a region of probable magma  accumulation defined by seismic  data. Similarly, although  the rate of 
seismic moment release increased dramatically, earthquake locations  remained  similar to earlier periods. The 
rate of deformation increased  exponentially  between  April -May 1997 and late November  1997 with a time 
constant  of approximately  55-65 days, after which it 
decreased  exponentially  with about the same time constant. We develop  a model consistent  with these 
observations  and also consistent  with independent  constraints on sub-surface rheology from thermal, 
geochemical and laboratory  data. Deformation at sites on the resurgent dome most sensitive to the shallow 
deformation source are well fit by a model with a single pressure source at 6km depth which experienced a 
pressure pulse that began in 
late 1996, peaked in November  1997, close to the time of major seismic  moment release, and essentially 
ended in mid-1999. The pressure source in our model is surrounded  by a 1 km thick "shell" of Maxwell 
viscoelastic material (shell viscosity  10 (super 16) Pa s) within an elastic half space, and has peak values that 
are much lower than corresponding  purely elastic half space models.  The shell viscosity  is characteristic of a 
weak, deformable solid, e.g. quartz-bearing country rock surrounding the magma  chamber at temperatures in 
the range 500 -600 degrees C, i.e. above the brittle-ductile transition,  and/or largely crystallized  rhyolite near 
its solidus temperature of approximately 670 degrees C, material that probably 
exists near the top of the zoned magma  chamber at Long Valley. 

 
Publication  Year   2001 

 
Publication  Type   Serial; Analytic 

 
Accession  Number    2001-030954 

 
 

61. Database   GeoRef 



Long Valley Caldera, California

190

 

 

 
 

Title     Observation of diffusion processes in earthquake populations and 
implications for the predictability of seismicity systems 

 
Author Marsan, David; Bean, Christopher J; Steacy, Sandy ;  McCloskey, John Affiliation 

University  College Dublin, Geology Department,  Dublin, Ireland (IRL) Affiliation   University  of 

Ulster at Coleraine,  United Kingdom  (GBR) 

Source Journal of Geophysical  Research,  vol. 105, no. B12, pp.28,081-28,094, 10 Dec 2000 
 

Resource  Location    http://www.agu.org/journals/ jd/ 
 

Publisher American  Geophysical  Union, Washington, DC, United States (USA) 
 

Abstract  Scale invariance, either in space or in time, has been shown in many papers to characterize  earthquake 
distributions. Unfortunately,  little work has been dedicated  to looking at the general space -time scaling 
invariance  of seismicity  systems, even though a better understanding of how the two domains (spatial and 
temporal) link together  could help the development of the stochastic  dynamical  modeling of earthquake 
populations. In this paper we report the observation of diffusion processes  of temporally  correlated  seismic 
activity for three different data sets: a mine (Creighton Mine, Canada),  the Long Valley Caldera in eastern 
California,  and a 7-year period of recorded  seismic activity in southern California. The observed  subdiffusion 
processes  are indicative  of the general space -time scaling of the system, taking the form of a slow power 
law growth R(t) approximately  t (super H) of the mean distance R(t) between  the main event and the 
temporally  correlated  afterevents  occuring after a delay t. H is found on average to be small (0.1 for 
Creighton  Mine, 0.22 for the Long Valley Caldera, and 0.22 for the southern California  main events with 
magnitude > or = 1.5) but fluctuates  significantly from one main event to the other: the diffusion is found to be 
intermittent (non -Gaussian)  and multiscaling,  and except for the Long Valley Caldera, a systematic 
correlation between the sizes of the main event and subsequent afterevents  and the growth exponent  H is 
observed.  While classical  viscous relaxation models (e.g., elastic listhosphere-plastic asthenosphere coupling,  
or fluid flow triggered  by sudden changes in pore pressure) have been proposed  to characterize this 
relaxation  by homogeneous (i.e., nonintermittent)  normal (H = 0.5) diffusion processes, the direct implication of 
the reported results is that seismicity  systems,  at spatial scales from meters to hundreds of kilometers  and 
small (microearthquakes  in a mine) to intermediate  magnitudes,  relax spatiotemporally  in a nonelastic  way, 
revealing the stochastic  space -time scale - invariant nature of such systems.  Since these diffusion processes 
correspond to a loss of information with time on the location of the main event, they can be used to 
investigate  the limits of predictability,  at all spatial scales, of seismicity  systems in terms of the spatiotemporal 
clustering  of temporally  correlated earthquakes. Copyright  2000 by the American Geophysical Union. 
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Abstract  The July 1986, moment magnitude (M (sub w) ) 6.3 Chalfant, California,  earthquake is the largest of a 
recent series (1978-present) of moderate-sized earthquakes  near the Long Valley volcanic region of east- 
central California.  The sequence consists primarily of three moderate-sized strike-slip events. High-quality 
aftershock  relocations and short-period focal mechanisms define the temporal and spatial development of 
the foreshock -mainshock- aftershock periods of these three events. Faulting during the M (sub w) 5.7 (event 
I; July 20) and the M (sub w) 6.3 (event II; 21 July) events constitute  a set of conjugate strike-slip 
faults.  Event I involved  predominantly  left -lateral motion on a NE-striking fault plane initiating at shallow 
depth (7 km). Event II initiated at 10.5 km depth exhibiting  right-lateral strike-slip motion on a NW-striking fault 
dipping moderately to the southwest.  An M (sub L) 5.5 strike- slip event on 31 July (event III) extended  the 
aftershock  sequence  to the south into the 
White Mountains  fault zone. P -wave pulse-width stress drops are determined for 185 M (sub L) 2.7-4.0 
earthquakes  that sample the entire sequence.  Higher stress drops are observed near the intersection of 
event I and II fault planes and at the northern and southern ends of the aftershock  zone. The moving- 
window b-value of the temporal magnitude distribution  shows a general inverse relationship to stress drop 
with observed  changes  in both the average stress drop level and the b-value preceding  event III. The 
average aftershock  stress drop tends to increase as the sequence  progresses suggesting that the faulted 
volume is equilibrating to the regional stress. Source parameters  have been determined for the principal 
earthquakes  from teleseismic body waves, local strong-motion records, and the extent of aftershock  activity. 
The Chalfant sequence  appears to be transferring  strike-slip motion away from the White Mountains  front, 
contributing to the observed increase in the relative normal offset, from south to north, along the White 
Mountains  and the opening of the White Mountains  relative to the Sierra Nevada Range front north of Owens 
Valley. 
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Title     Hydrologic events related to earthquakes in Long Valley Caldera, California 
 

Author Armstrong, Denise L 
 

Abstract  The Long Valley caldera in Eastern California  is the site of recent volcanic and tectonic unrest. To 
better understand and predict this unrest, water level data collected  between 1989 and 1990 from two 
observation wells (CH 10B and LKT) were studied to determine  if aseismic precursory  strain was 
recorded  in the water levels. Hydrographs from the two wells were compared  with seismic  events, 
barometric  pressure, rainfall, and runoff, and in CH 10B's case, flow rate data from the near by Casa 
Diablo Geothermal  Power Plant. Water level data from CH 10B showed a number of inconsistencies 
and was difficult to interpret, probably in part because its shallow  depth made it more susceptible to 
surface processes.  Water levels from well LKT showed no precursory  anomalies, however, the water 
levels did respond coseismically to large earthquakes  as distant as 450 km, but not to small local events. 
These data show that it is extremely  difficult using water levels in wells to predict earthquakes. Though 
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some workers  believe they have detected precursory  signals in water level data from other parts of the 
world, none have been able to predict consistently  the location, size, and timing of a future earthquake. 
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Abstract A forty-station seismographic  network  operating  in Long Valley caldera in California  during the summer of 

1997 recorded  a number of earthquakes  with unusual  secondary  phases. The phases can be seen on 
several stations throughout  the network, allowing the use of particle motions  and differential  travel times to 
examine  their nature and points of origin. Based on amplitude, frequency, and travel-time considerations, it 
appears that some of the phases are mode -converted  S -to -P reflections from a zone below the Casa 
Diablo area near Mammoth  Lakes, CA. The locus of reflection points was imaged using time-domain signal 
migration  and stacking  under the assumptions of first-order scattering  theory. The results indicate that the 
reflecting zone is a curved, 1.5 km by 2 km surface 7.6 km below and 1.4 km west of the Casa Diablo 
geothermal plant. Previous studies show low P -wave velocities and high S -wave attenuations in the same 
location as the reflecting zone. An amplitude analysis of the suspected  reflections  suggests  they are 
produced  by large contrasts in material properties,  with the possible  range of transitions  including  solid to 
partially molten or dry to fluid -saturated  rock. Given these observations  plus the volcanic history of the 
caldera and its recent tectonic activity, the most straightforward  interpretation of the reflections  is that they 
come from either the top of a sill or intrusion, or the overlying hydrothermal system of such structures. 



Long Valley Caldera, California

195

 

 

 
 

Publication  Year   2000 
 

Publication  Type   Serial; Analytic 
 

Accession  Number    2000-046632 
 
 

77. Database   GeoRef 
 

Title     Evidence of coseismic volumetric expansion in the Long Valley, CA 
 

Author Dreger, D S ;  Tkalcic, H; Johnston, M J S 
 

Affiliation Berkeley Seismological  Laboratory,  Berkeley,  CA, United States (USA) 
 

Affiliation U. S. Geological  Survey, United States (USA) 
 

Author Anonymous 
 

Source Seismological  Research  Letters, vol. 71, no. 2, pp.250, Apr 2000 
 

Publisher Seismological  Society of America,  El Cerrito, CA, United States (USA) 
 

Publication  Year   2000 
 

Publication  Type   Serial; Conference document; Analytic; Abstract  only 
 

Accession  Number    2003-015348 
 
 

78. Database   GeoRef 
 

Title     When magma's on the move 
 

Author Wheeler, Mark 
 

Source Smithsonian, vol.30, no.11, pp.40 -48, Feb 2000 
 

Resource  Location    http://www.smithsonianmagazine.com/ 
 

Publisher Smithsonian  Associates, Washington, DC, United States (USA) 
 

Publication  Year   2000 
 

Publication  Type   Serial; Analytic 
 

Accession  Number    2005-008252 
 
 

79. Database   GeoRef 
 

Title     Are the Sierras overriding a deep volcanic source at Long Valley? 
 

Author Smith, Ken; Biasi, Glenn P 
 

Affiliation University  of Nevada-Reno, Nevada Seismological  Laboratory,  Reno, NV, United States 
(USA) 

 
Author Anonymous 

 
Source Abstracts  with Programs  - Geological  Society of America,  vol.32, no.7, pp.461, 2000 

 
Publisher Geological  Society of America  (GSA), Boulder, CO, United States (USA) 

 
Abstract  A synthesis  of tectonic, geologic and geophysical evidence supports  the hypothesis  that the Sierran 

Mountain  block in east central California is overriding  the deep volcanic source responsible for Long Valley 
Caldera  (LVC). For 12 mm/yr of NW motion of the Sierran block relative to a fixed volcanic source at depth, 
at least 10 km of southerly offset would have accumulated since the 0.75 Ma caldera forming event at Long 
Valley. The modern period of earthquake activity (1978-present), extends 15-20 km south into the Sierran 
block and 20-30 km east and southeast  of the current expression of LVC. This distribution of earthquake 
activity is difficult to reconcile  with a crustal volcanic source associated  exclusively with resurgence of the 
central caldera. Teleseismic P -wave tomography of the lower crust and upper mantle shows a region of 
decreased velocities  extending south of LVC into the 
Sierran lithosphere. The largest earthquakes, the distributed seismicity  and the anomalous  local orientation 
of stress axes from earthquake focal mechanisms that appear to be related to the upper mantle feature 
implies that the velocity  contrast is also a lithospheric  strength boundary. Although  Mono Craters represent a 
northward  extension  of volcanism  since the formation of Long Valley, several lines of evidence  also suggest  
the evolution  of a deeper volcanic source south of the caldera. Magmatic  intrusion into the Sierran block has 
been inferred from modeling deformation dominated by uplift in the central caldera (Langbein  and others, 
1995), attenuation of shear waves (Sanders and Nixon, 1995), reflections  from potential magma sources  
from local earthquakes  (Peppin and others, 1989) and anomalous  signatures from modeling 
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earthquake dislocations (Julian, 1983; Dreger and others, 2000). The most plausible deep source for 
volcanism  south of LVC is the continued dewatering  of upper mantle originally  hydrated by post-20 Ma 
subduction. Caldera -forming  volcanism implies the original presence  of huge quantities  of volatiles including 
water and CO2. These quantities would be hard to concentrate  in the small area of LVC through purely 
crustal tectonic mechanisms. 
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Abstract Long Valley caldera has experienced intense seismic  activity and ground uplift up to 75-80 cm in the past 
20 years. Modeling of the ground deformation, seismicity  and temporal gravity changes indicates  that the 
unrest is due to inflation of a magma  reservoir beneath the caldera. In order to better constrain physical 
processes  now active beneath Long Valley, we re-measured 35 stations of the caldera precise gravity 
monitoring network  in July 1998 and 1999.  Relative gravity measurements  reveal a decrease  in gravity of as 
much as -107+ or -6 mu Gal, centered on the uplifting resurgent  dome. A positive residual  gravity change of 
up to 64+ or -15 mu Gal was found after correcting  for the effects of uplift and water table fluctuations. 
Assuming  a point source of intrusion, the density of the intruding  material is 2.7 to 4.1 g/cm3 at 95% 
confidence. The gravity results require intrusion of silicate magma, and exclude in situ thermal expansion  or 
pressurization  of the hydrothermal  system as the cause of uplift and seismicity. 
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Abstract  Mammoth  Mountain  is a seismically active volcano 200 000 to 50 000 years old, 
situated  on the southwestern  rim of Long Valley caldera, California.  Since 1989 it has 
shown evidence of unrest in the form of earthquake swarms (Hill et al. 1990), volcanic 
"long-period" earthquakes (Pitt & Hill 1994), increased output of magmatic  (super 3) He 
(Sorey et al. 1993) and the emission  of about 500 tonnes day (super -1) of CO (sub 2) 
(Farrar et al. 1995;  Hill 1996; M. Sorey, personal  communication,  1997), which has killed  
trees and poses a threat to human safety. Local-earthquake tomography shows 
that in mid-1989 areas of subsequent tree-kill were underlain  by extensive regions where 
the ratio of the compressional and shear elastic -wave speeds V (sub p) /V (sub S) was 
about 9 per cent lower than in the surrounding rocks. Theory (Mavko & Mukerji 1995), 
experiment (Ito, DeVilbiss & Nur 1979), and experience  at other geothermal/volcanic 
areas (Julian et al. 1996) and at petroleum  reservoirs  (Harris et al. 1996) indicate that 
V (sub p) /V (sub S) is sensitive to pore -fluid compressibility,  through its effect on V (sub 
p) . The observed  V (sub p) /V (sub S) anomaly  is probably  caused directly by CO (sub 
2) , and seismic  V (sub p) /V (sub S) tomography is thus a promising  tool for monitoring 
gas concentration  and movement  in volcanoes, which may in turn be related to volcanic 
activity. 
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Abstract  Seismology is undoubtedly the most powerful method  for determining  the structure of the Earth below the 

deepest borehole. This thesis describes  the use of seismic  signals from both man-made and earthquake 
sources  to model seismic velocities  within a volume of the Earth. Based on data from explosions, a two- 
dimensional model for the P -wave velocities from the Baltic Shield in southern Sweden, across Denmark 
and into the North German Basin is presented.  The observed  crustal structures  show clear signs of 
extension, 
estimated  to be at least 20% along the profile. However, the emphasis  of my work has been on modeling 
seismic  velocities  in three dimensions  using local earthquake travel times. Two studies have been 
conducted,  one using data from the Long Valley caldera, California. Originally formed in a catastrophic 
eruption 0.76 My ago, the caldera is today characterized by intense seismic  activity. To better understand 
this volcanic system we have imaged the three-dimensional P - and S -wave velocity  structure beneath the 
caldera. Low seismic velocities are observed  below the resurgent  dome down to depths of 9 km, which we 
believe are caused by hydrothermal  circulation  of fluids rather than by a large magma  chamber.  The 
observed lower than normal Vp/Vs ratios (<1.7) are associated  with fractured  rock containing  compressible 
and low density fluids. Partially molten or hot material will reduce the S - more than the P -wave velocities, 
thus producing  elevated  Vp/Vs ratios. The second study exploits the earthquake data catalog from 
southwest  Iceland.  Within the study region are several volcanic centers, active and extinct. The seismically 
most active one is the Hengill volcanic complex, within 30 km of Reykjavik.  The large fissure system is 
characterized  by lower than normal velocities  and, similar to the Long Valley caldera, low Vp/Vs ratios. We 
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conclude that supercritical  magmatic  fluids, such as CO (sub 2) and H (sub 2) O, circulate in the fissure 
system and cause the reduced velocities.  These findings are important  for understanding the nature of the 
volcanism  and volcanic hazard in both study regions. 
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Abstract  The 1989 earthquake swarm beneath Mammoth  Mountain,  near Long Valley, California, was unique for the 
area because of the occurrence of low -frequency  and unusual  mixed - frequency events. At the time of the 
swarm, a computer -based earthquake detection system with near -real -time location and spectral  fitting 
capabilities was operational at Long Valley. This system detected over 1500 earthquakes  during the swarm. 
About 64% of the events had a high-frequency content (4 to 8 Hz). 34% had a medium-frequency content (<4 
Hz only), and 2% were low -or mixed -frequency  events ( approximately  2 HZ). Unusual  events detected by 
the computer  system during the 6-month swarm were 1) spasmodic  tremor (14 strong bursts); 2) low - 
frequency events (30); and 3) low -frequency  events with high- frequency riders, or mixed -frequency  events 
(4 of the 30 low -frequency events). Filtering of mixed -frequency  event waveforms suggests that they are a 
low -frequency  event triggered by an earthquake. Mixed -frequency  events had a limited source depth of 4 to 
6 km while most low -frequency  events were shallow. However, earthquakes  with lower than average 
frequencies had source depths of 1 to 9 km, which include most of the depth range of the swarm earthquakes.  
Based on a comparison with tremor models by Chouet (1992), fluid resonance is a satisfactory explanation for 
the observed  mixed -frequency  events, although not the only possible  explanation. Estimated resonant cavity 
size is 100 to 150 m for the Mammoth Mountain  swarm. Geodetic  and geothermal as well as seismic  data 
suggest  that an intrusion of water or magma  probably  occurred beneath Mammoth  Mountain during this 
swarm. Finally, the computer -based detection and data-processing system used in this study demonstrated  
the value of spectral  fitting capabilities for monitoring volcanic areas. 
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Abstract    Continuous  Global Positioning  System  (GPS) measurements  at Long Valley Caldera,  an active volcanic 
region in east central California, have been made on the south side of the resurgent dome since early 1993. 
A  site  on  the  north  side  of  the  dome  was  added  in  late  1994.   Special  adaptations   for  autonomous 
operation   in  remote  regions  and  enhanced   vertical  precision   were  made.  The  data  record  ongoing 
volcanic   deformation    consistent   with  uplift  and  expansion   of  the  surface   above  a  shallow   magma 
chamber.  Measurement  precisions (1 standard  error) for "absolute"  position coordinates,  i.e., relative to a 
global  reference frame,  are  3-4  mm  (north),  5-6  mm  (east),  and  10-12  mm  (vertical)   using  24  hour 
solutions. Corresponding  velocity  uncertainties  for a 12 month period  are about  2 mm/yr  in the horizontal 
components  and  3-4 mm/yr  in the vertical  component.  High precision  can also be achieved  for relative 
position  coordinates  on short (<10  km) baselines  using broadcast  ephemerides and  observing  times as 
short as 3 hours, even when data are processed rapidly  on site. Comparison  of baseline  length changes 
across  the resurgent  dome  between  the two GPS  sites and  corresponding  two-color electronic  distance 
measurements  indicates similar extension  rates within error ( approximately  2 mm/yr) once we account  for 
a random walk noise component  in both systems  that may reflect spurious  monument  motion.  Both data 
sets suggest  a pause in deformation  for a 3.5 month  period  in mid-1995, when the extension rate across 
the dome  decreased  essentially  to zero. Three  dimensional  positioning data  from the two GPS  stations 
suggest  a depth  (5.8 + or - 1.6 km) and location (west side  of the resurgent  dome)  of a major  inflation 
center,  in agreement  with  other  geodetic techniques,  near  the top of a magma  chamber  inferred  from 
seismic  data. GPS systems similar to those installed  at Long Valley can provide  a practical  method  for 
near real -time monitoring and hazard assessment  on many active volcanoes.  Copyright  1997 by 

the American  Geophysical  Union. 
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Abstract  Traditional geologic maps present geologic data in two-dimensions (representing the surface of the Earth), 
with information about the third dimension  included in the form of cross sections and stratigraphic columns. 
Standard map symbology,  such as strikes, dips, fault attitudes, and fold axes, allow skilled geologic-map 
users to infer, with varying degrees of 
confidence,  quantitative information about the subsurface, while less skilled or lay users may have difficulty 
visualizing  the subsurface geometries and relationships. To facilitate  the use of geologic maps as windows 
into the subsurface, we are developing methods  to produce and release "three-dimensional  geologic maps", 
or Data Volumes (DVs). Capturing  and displaying data in their true spatial relationships  will enhance  the 
interpretive value of the information. A pilot study is underway  to demonstrate the utility of DVs, we are using 
the commercial software  "EarthVision" mounted an a Sun Ultrasparc  platform. This study focuses on a 
lithospheric  volume roughly 100 km deep, 100 km wide, and 400 km long extending northeast across 
California  from the oceanic crust west of Monterey  Bay to Long Valley caldera east of the Sierra Nevada. 
The model includes  topography and bathymetry  as a Digital Elevation Model (DEM), surface and subsurface 
geology, drill-hole data, reflection and refraction  information,  earthquake hypocenters, geophysical 
interpretations  from potential-field relations, and physical, chemical,  and hydrologic  property  information. 
Problems and difficulties  being addressed include the following:  * Models must be able to display and 
manipulate three-dimensional  data with broad dynamic range while also accommodating large overall spatial 
dimensions.  Scales may range from 10 to 100 m in the near surface to several km in the deeper parts of the 
model. * Procedures must be able to capture spatial relations  involving complex surfaces, volumes,  and 
point data. A single model should be able to incorporate, for example, basin stratigraphy,  chemical 
concentrations, and seismic velocity. * Procedures must be able to accommodate  multiple interpretations. * 
Models must include the ability to express uncertainties  throughout  the volume. * Procedures must allow for 
fourth dimensional  presentations  where data are appropriate, e.g. earthquake hypocenters, fast moving toxic 
plumes. 
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Abstract  Widespread  seismicity  was triggered  by the June 28, 1992, Landers California,  earthquake  at a rate which 

was maximum immediately  after passage of the exciting seismic  waves. Rectified diffusion of vapor from 
hydrothermal  liquids and magma into bubbles  oscillating  in an earthquake can increase the local pore 
pressure to seismically significant  levels within the duration of the earthquake. In a hydrothermal  system 
modeled as a two-component H (sub 2) O-CO (sub 2) fluid in porous rock the pressure initially increases 
linearly with time. The rate of pressure buildup depends  sensitively  on the mean bubble radius and is large 
for small bubbles. The diffusion-induced pressure is relaxed by percolation  and resorption  of vapor into the 
liquid solution. The induced  seismicity  itself also relieves stress. Values of parameters used in the present 
calculations  give results consistent  with observations  of triggered seismicity  at Long Valley caldera after the 
Landers earthquake. For one 
representative  condition,  at 250 degrees C and 5.6 km depth, oscillating  strain acting on 10- mu m-diameter 
bubbles  increases pore pressure at the rate of 151 Pa/s resulting  in a pressure increase of 12 kPa in the 80- 
s duration of the Landers earthquake. The elevated pressure induced  by a single 26-m-diameter cloud of 
bubbles  in saturated  rock relaxes by percolation through soil of 0.2-mdarcy permeability in 53.6 hours. 
Observations of earthquake swarms at other locations  suggest that self-induced buildup of pore pressure by 
rectified diffusion can provide a positive feedback mechanism for amplifying seismicity.  Copyright 1996 by the 
American  Geophysical  Union. 
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Title     Microseismicity and hydrothermal circulation in Long Valley Caldera, CA 
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Abstract In late 1994, a small high density seismic  array was deployed in Long Valley Caldera, CA. 
Its purpose was to better constrain the locations  of the shallow microseismicity  associated  with the active 
hydrothermal  system in the caldera. The array was able to record a number of small earthquakes  that were  
not recorded  by the US Geological Survey's (USGS) regional network. The earthquakes' small size and 
proximity  to the array indicates  that they may be related to near -surface processes, and this suggests that 
small, high-density arrays may indeed prove valuable in describing  such processes. However, the 
correlation between microseismicity and hydrothermal  circulation  proved weak for a number of reasons, 
including  one or more of the following hypotheses: 1) the significant hydrothermal  plumbing system may 
have been too far away from the array, 2) microseismicity  does not play a fundamental role in the dynamics 
of the hydrothermal  system or 3) the water levels from the hydrologic monitoring well did not reflect the 
changes in the hydrothermal  system that the seismic array was recording. Earthquakes  not correlated  with 
the USGS were all located within 4 km of the array which suggests  that the array has a limited range of 
detection for these very small events. Earthquakes  that were correlated  with the USGS were significantly 
larger, and most were consistent  with activity on the Hilton Creek fault, the Mammoth Embayment or fluid 
movement from the west moat toward Lake Crowley. 
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Abstract  This study reports fumarole and hot spring gas chemistry  of a 3-year monitoring programme  (1986-1988) at 
the seismically -active Long Valley caldera (LVC) in the Sierra Nevada, eastern California.  The focus is on 
helium and carbon dioxide (isotopes and concentrations) and their variation  in response  to seismic activity in 
the region. Within the caldera, both species are predominantly  magmatic  in origin but their isotopic and 
elemental characteristics  appear to be established  prior to shallow -level intrusion and/or are influenced  by 
pre- eruptive degassing. In response  to intra-caldera and regional seismicity  over the monitoring  period, CO 
(sub 2) and helium show markedly different behaviour: the greatest change in various carbon-related 
parameters  (CO (sub 2) %; delta (super 13) C(CO (sub 2) ); CO (sub 
2) / (super 3) He) occurred in 1986 and were most likely related to regional seismicity  in the nearby Chalfont 
Valley. Helium did not respond to these events. The largest change (up to approximately 25%) in (super 3) 
He/ (super 4) He ratios was seen in 1987 with the occurrence of both increases  and decreases relative to 
the almost constant  values observed in 1988. The increases  are consistent  with magma  intrusion occurring 
within the caldera in 1987 whilst the decreases  occurred significantly later (>6 months) than any seismic 
activity. It is suggested  that decreases  in (super 3) He/ (super 4) He are related to the regional seismicity 
and that the hydrothermal  system exerts a (temporal)  control on the release of near -surface (super 4) He. At 
LVC this is related to the timing of the late spring thaw. Results  from previous monitoring programmes (when 
the level of seismicity  in the caldera was higher) are evaluated  against variations  in the present work. There 
appears to be a convincing link between  higher (super 3) He/ (super 4) He values and the level of seismicity in 
the caldera although  factors related to location, magnitude and frequency  of seismic events are difficult to 
quantify.  Because of the inferred small isotopic contrast between  new magma and presently-degassing 
magma  at LVC, it is anticipated that large variations  in (super 3) He/ (super 4) He within the central caldera 
are unlikely  to occur until the magmatic volatile signal wanes as a function  of degassing  and time. 
Alternatively, only at those localities situated  at significant distances from the region of magma  intrusion (i.e. 
away from the resurgent  dome vicinity) are helium and/or carbon likely to respond dramatically  to intra- 
caldera seismicity. 
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Abstract  We explore the impact of three-dimensional minimum travel time ray tracing on nonlinear teleseismic 
inversion.  This problem has particular  significance  when trying to image strongly contrasting low -velocity 
bodies, such as magma  chambers, because strongly refracted and/or diffracted  rays may precede the direct 
P wave arrival traditionally  used in straight-ray seismic tomography. We use a simplex-based ray tracer to 
compute  the three-dimensional, minimum travel time ray paths and employ an iterative  inversion  technique 
to cope with nonlinearity. Results from synthetic  data show that our algorithm  results in better model 
reconstructions compared  with traditional  straight-ray inversions.  We reexamine the teleseismic data collected 
at Long Valley caldera by the U. S. Geological  Survey. The most prominent feature of our result is a 25- 
30% low -velocity  zone centered at 11.5 km depth beneath the northwestern quadrant  of the caldera. Beneath  
this at a depth of 24.5 km is a more diffuse 15% low -velocity  zone. In general, the low velocities tend to 
deepen to the south and east. We interpret  the shallow  feature to be the residual  Long Valley caldera  
magma chamber,  while the deeper feature may represent  basaltic magmas  ponded in the midcrust. The 
deeper position of the prominent  low -velocity region in comparison to earlier tomographic images is a result  
of using three-dimensional rays rather than straight rays in our ray tracing. The magnitude of our low - velocity  
anomaly  is a factor of approximately  3 times larger than earlier models from linear arrival time inversions  and 
is consistent  with models based on observations  of ray bending at sites within the caldera. Our results imply 
the presence  of anywhere  from 7 to 100% partial melt beneath the caldera. Copyright 
1995 by the American Geophysical  Union. 
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Abstract  Using S -to -P amplitude  ratios measured  from three-component  seismograms  we tomographically imaged 

spatial variations  in S wave attenuation in parts of Long Valley caldera. Data from seismograms  of local 
earthquakes  in the Long Valley caldera region that occurred during 1984 were employed  with the S -to -P 
amplitude  ratio technique  with corrections for source radiation pattern to determine  Q (sub S) . Resolution  is 
limited throughout most of the model; however, significant  resolution  and acceptable error in parts 

of the model allow meaningful  interpretation  of the results. The primary result is the image of a low -Q (sub 
S) anomaly  at 7-8 km depth beneath the resurgent  dome. This is independent  evidence for high 
temperatures  and possible  magma  accumulation at this location. Other regions of anomalously low Q (sub 
S) are marginally  significant  or poorly resolved; of these low Q (sub S) at 4-5 km depth beneath the Inyo 
Domes has the most potential significance.  The similarity of the results from the three-component  data and 
from the vertical -component  data implies that vertical -component data, which are generally more abundant, 
can be used with confidence. Copyright  1995 by the American  Geophysical  Union. 
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Abstract  Of the many sites in the western  United States responding to the June 28, 1992, Landers earthquake (M 
(sub w) = 7.3) with remotely  triggered  seismicity,  only Long Valley caldera is monitored by both seismic and  
continuous deformation networks. A transient  strain pulse and surge in seismicity recorded  by these networks  
began within tens of seconds following arrival of the shear pulse from Landers. The cumulative strain and 
number of triggered earthquakes followed  the same exponentially  decaying  growth rate (time constant 1.8 
days) during the first 6 days following Landers. The strain transient, which was recorded  on a borehole 
dilatometer at the west margin of the caldera and a long-base tiltmeter 20 km to the east, peaked on the 
sixth day at nearly equal 0.25 ppm and gradually decayed over the next 15-20 days. The absence of a clear 
strain signal exceeding  0.4 ppm in data from the two-color geodimeter deformation lines, which span the 
central section of the caldera, indicates that the strain transient  cannot be due solely to pressure changes  in 
the concentrated pressure source 7 km beneath the central part of the caldera that accounts  for most of the 
uplift of the resurgent dome since 1980. The triggered seismicity  occupied  the entire 
seismogenic volume beneath the caldera. The focal mechanisms, the frequency- magnitude  distribution, and 
the spatial distribution of the triggered earthquakes  are typical of other swarms in Long Valley caldera. The 
cumulative  seismic  moment of the triggered earthquakes through the first 2 weeks after the Landers 
earthquake corresponds  to a single M = 3.8 earthquake, which is too small by nearly 2 orders of magnitude 
to account  for the 0.25-ppm peak amplitude  of the observed  strain transients. Evidently,  the strain transient 
represents the dominant  response mode, which precludes  direct triggering  of local earthquakes by the large 
dynamic stresses from Landers as the dominant process. Conditionally viable models for the triggering 
process beneath the caldera include (1) the transient pressurization  of magma  bodies beneath the resurgent 
dome and Mammoth Mountain by the advective overpressure  of rising bubbles, (2) a surge in fluid pressure 
within the seismogenic zone due to upward cascading  failure of isolated compartments  containing 
superhydrostatic pore fluids, (3) relaxation  (fluidization) of a partially crystallized magma body or dike 
intrusion in the deep crustal roots of Long Valley magmatic  system, or (4) aseismic slip on midcrustal  faults. 
Either the deep, relaxing -magma  body or lower crustal dike intrusion satisfy all the strain observations  with 
a single deformation source. The latter model admits the possibility  that large, regional earthquakes  can 
trigger the episodic recharge of the deep roots of crustal magmatic  systems.  Copyright  1995 by the American 
Geophysical Union. 
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Abstract  Simulated  annealing,  a non -linear global search algorithm,  is used to invert teleseismic P - wave slowness 

and azimuth  data for crustal velocity  structure.  Synthetic  tests show that simulated annealing  is able to 
locate low P -wave velocity  zones with reasonable accuracy  in space, and recovers  almost 70% of the target 
velocity  perturbations.  Testing suggests  that significant results can be obtained  with as few as two stations. 
Inversion of ray direction data from Long Valley caldera finds an asymmetrical low velocity  zone beneath 
the resurgent dome at 8km depth, having a perturbation  of -25% from the background.  This zone extends to 
the east and south to depths of at least 24km, with a perturbation  of about -10%. These features generally 
agree with previous results from teleseismic travel-time inversion  and forward modeling of ray direction, and 
are probably associated  with the residual  Long Valley caldera magma  chamber.  Copyright  1995 by the 
American  Geophysical  Union. 
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Abstract  The cumulative  b-value (the slope of the Gutenberg  - Richter relationship between earthquake occurrence 

rate and magnitude) is commonly  found to be constant  ( approximately 1). Network  catalogues, however, 
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reveal a decrease  at small magnitudes (< 
3). Some recent studies have suggested  that this decrease  in b-value is not just an artifact of catalogue 
incompleteness,  but that small earthquakes  are really not as numerous  as a constant b-value extrapolated 
from larger events would predict. Brune & Allen [1967] recorded microseismicity  in both the San Andreas 
and San Jacinto fault zones in southern California, calculating that they were complete to magnitude 0. 
Reyes et al. [1975] performed a similar study of the San Miguel fault zone, Baja California,  estimating 
completeness above magnitude -0.5. We compare the results of these studies with the occurrence rates of 
earthquakes  on the same faults recorded  by the Southern California  and RESNOR seismic  networks.  The 
observed microseismicity  rates are in good agreement 
with the rates predicted  by extrapolating the b-values of the larger earthquakes. In a new microseismicity 
survey at the Long Valley caldera, Mammoth  Lakes, California, microearthquakes were recorded  and 
counted  within 24 km of stations CLK and CHS. This study is estimated  to be complete above 0.6 M at CLK 
and 0.9 M at CHS, and the microseismicity rates are found to be in good agreement  with the rate predicted 
by extrapolating the b-value from the local network  recorded  seismicity.  The constant b-value in the magnitude 
range 0 to 5 observed  in all four areas considered  is consistent  with a scale invariant earthquake rupture 
process. Copyright  1994 by the American  Geophysical  Union. 
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Abstract  In this study we present new constraints on the nature of the low -velocity  zone beneath Long Valley 
caldera, based on the measured  propagation directions  of teleseismic P waves and on modeling of P to S 
converted  waves. The low -velocity  body is a large asymmetrical volume which deepens  to the east, 
extending from depths of 7 to 30 km. It contains lower velocities than originally  proposed  by earlier 
teleseismic  studies. In particular, there is a tabular feature between  7 and 11 km depth that has a reduction in 
velocity  of about 30%. These low velocities  imply a much greater percentage of melt in the crust beneath 
Long Valley caldera than previously  estimated.  Array analysis of large delayed  arrivals identifies them to be 
Ps converted  waves from the shoulders  and roof of this tabular zone. These conversions bound the depth to 
the magma  chamber roof to be within about 10 km of the surface. Our results are consistent  with elements 
from several other studies, and we present an integrated  and improved  model of crustal structure at Long 
Valley. The concordance of the deeper low -velocity  zones with regional structural  trends implies that the 
shallow  low velocity feature is a cupola on top of an asymmetric diapiric ridge rising up from the migmatized 
lower crust of the Basin and Range. We present two contrasting  interpretations of the geometry  of low - 
velocity  zones in the crust: one implies a time invariant magma chamber and conduit system for Long 
Valley caldera, the other implies an evolution  of that system from a simple vertical regime to its current 
asymmetrical geometry.  Copyright  1994 
by the American  Geophysical  Union. 
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Abstract  P and S wave amplitude  data from digital, three-component  seismograms  of local earthquakes recorded  on a 
temporary seismic  array have been used to tomographically invert for the three-dimensional attenuation 
structure in the upper crust of Long Valley caldera, California.  Differential  attenuation (theta Q (super -1) ) 
values are obtained  through the use of a spectral ratio technique  that minimizes  the site effect on the spectral 
ratios. The spectral ratios are inverted for theta Q (super -1) using the LSQR algorithm.  Zones of high, 
positive P wave theta Q (super -1) (greater  P wave attenuation) are observed  at a depth of 4-5 km beneath 
the east flank of Mammoth  Mountain  and at 6-8 km beneath the southwestern edge of the resurgent dome. A 
region of positive S wave theta Q (super -1) is seen at 7-8 km beneath the southern edge of the resurgent  
dome, whereas at 6-7 km, the S wave results are near average. The region of positive S wave theta Q (super 
-1) at 7-8 km beneath the resurgent  dome may indicate the roof of a magmatic  system. The positive P wave 
theta Q (super -1) at 4-5 km beneath Mammoth  Mountain  and 6-8 km beneath the resurgent dome may be 
due to the presence  of a compressible fluid such as supercritical  water. These zones may represent  some of 
the source regions for the Long Valley geothermal system. Copyright 1994 by the American  Geophysical  
Union. 
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Abstract  Because of the strong interest in the magmatism and volcanism at Long Valley caldera, eastern California, 
and because of recent significant  improvements  in our knowledge  of the caldera velocity  structure and 
earthquake locations, I have reanalyzed the local-earthquake S -to -P amplitude -ratio data of Sanders (1984) 
for the gross three-dimensional attenuation  structure of the upper 10 km of Long Valley caldera. The primary 
goals of the analysis are to provide more accurate  constraints on the depths of the attenuation anomalies 
using improved knowledge of the ray locations  and an objective  inversion  procedure.  The new image of the 
high S wave attenuation anomaly  in the west-central caldera suggests  that the top of the principal anomaly 
is at 7-km depth, which is 2 km deeper than previously determined. Because of poor resolution  in much of the 
region, some of the data remain unsatisfied by the final attenuation model. This unmodeled data may imply 
unresolved  attenuation anomalies, perhaps small anomalies  in the kilometer or two just above the central -
caldera anomaly  and perhaps a larger anomaly  at about 7-km depth in the northwest caldera or somewhere 
beneath the Mono Craters. The central -caldera S wave attenuation  anomaly has a location similar to mapped 
regions of low teleseismic P wave velocity, crustal inflation, reduced density, and aseismicity,  strongly  
suggesting magmatic  association.  Copyright 1993 by the American  Geophysical  Union. 
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Abstract  A high-resolution tomographic  study of the Long Valley region began in 1989 with the installation of a special  
fan array of eight three-component borehole (80-160 m depths) receivers on the northwestern rim of the 
caldera to provide the data necessary  for a joint inversion for hypocenters and the three-dimensional P and S 
wave velocity  structure in and below the caldera. The experiment specifically targeted  the subsurface location 
of the previously inferred magma  chamber beneath the Resurgent Dome. Additional  coverage  was provided 
by existing U.S. Geological  Survey and University  of Nevada, Reno seismographic networks. We employed  
the progressive inversion scheme  of Thurber  (1983), with cubic spline interpolation after Michelini and 
McEvilly (1991). The final model is based on data from 280 well-distributed local earthquakes. Some 
6900 arrival times were used, including about 700 S wave times from the three-component stations. The 
resulting  velocity  structure reflects the known geology, defining  the low -velocity  caldera fill to 2 km depth, 
contrasting  markedly with the surrounding higher-velocity  Sierran block and highland  terrane. No isolated 
distinct low -velocity  anomalies  are revealed  beneath the caldera floor, although  a diffuse zone of reduced 
velocity  persists to a depth of about 8 km. These lower velocities may be related to hydrothermal  alteration 
and/or extensive fractures.  The V (sub p) /V (subs) structure contains significant  lateral variation within and 
beneath the caldera to about 8 km depth, and these variations can be related to accepted models of the 
active geothermal system. The lack of a significant  S wave velocity  anomaly, along with the normal or low 
values of the V (sub p) /V (sub s) ratio, argues against the presence  of a sizable and distinct magma body at 
shallow  to midcrustal  depth beneath Long Valley caldera, although  a very low percentage of partial melt 
cannot be precluded. Copyright  1993 by the American Geophysical Union. 
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Abstract  Following the episodes  of inflation of the resurgent dome associated  with the May 1980 

earthquake sequence  (four M 6 earthquakes)  and the January 1983 earthquake swarm (two M 
5.2 events), 7 years of frequently  repeated  two-color geodimeter measurements  spanning the 
Long Valley caldera document gradually decreasing  extensional  strain rates from 5 ppm/yr in 
mid-1983, when the measurements  began, to near zero in mid-1989. The corresponding seismic 
activity within the caldera persisted at a low rate of fewer than 10 M > or = 1.2 earthquakes  per 
week from 1985 through November 1989 with no events exceeding M 3.0. Early October 1989 
marked a change in activity when measurements  of the two-color geodimeter network  showed 
a significant  increase in extensional strain rate (9 ppm/yr) across the caldera. The seismic 
activity began exceeding  10 M > or = 1.2 per week in early December 1989 and rapidly 
increased  to a sustained  level of tens of M > or = 1.2 per week with bursts having hundreds  of 
events per day. Many events exceeded  M 3.0 and the largest event was M nearly equal 4. The 
1989-1991 inflation episode  is the first time that we have sufficient  geodetic  measurements  in 
Long Valley to define the temporal relation between onset of an inflation episode  and onset of 
brittle failure (earthquake  swarm within the caldera). Here, the onset of deformation preceded 
the onset of increased earthquake  activity by more than 2 months. The seismicity  rate began to 
decrease  in mid-July 1990, consistent  with a gradually slowing  of extension  across the caldera 
as measured  by the two- color geodimeter. The recent episode  of inflation can be modeled  by a 
single Mogi point source located about 7 km beneath the center of the resurgent  dome. In 
contrast, the deformation pattern observed  between  mid-1983 and mid-1989 is best reproduced by 
fault slip in the south moat, inflation at 6.5 km depth near Casa Diablo Hot Springs and inflation 
beneath the resurgent  dome. It appears that the 7-km source beneath the resurgent dome that 
was active for the earlier episodes  is the primary source for the more recent episode. The model 
used to satisfy the line length observations  predicts  7.5 cm of uplift along leveling route along 
highway  395 from mid-1983 to mid-1989 and an additional  11 cm through the end 
of 1991. To comp are with the energy release from seismicity,  the modeled  inflation from late 
1989 through the end of 1991 has a moment that is a factor of 40 more than the cumulative 
seismic  moment from earthquakes  located within the caldera from the same period. Thus the 
recent inflation episode  represents  a significant portion of the observed geodetic deformation 
with only little seismic  energy release. 
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Abstract     The onset of anomalous seismic activity in 1989 beneath Mammoth Mountain on the southwestern rim of the Long Valley 

caldera, California, was followed within approximately 4 months by a large increase in (super 3) He/ (super 4) He in vapor 
discharged from a fumarole on the north side of the mountain. The helium isotopic ratio at this vent rose to a maximum of 6.7 
RA in July 1990 and subsequently declined to values near 5 R (sub A ) . Potential sources of the (super 3) He-rich vapors include 
degassing of fresh magma, degassing from fresh surfaces generated in newly fractured igneous rocks, and volatile release from a 
(super 3) He-rich gas chamber situated above previously emplaced intrusives. The magnitude of the increase in helium isotopic  
composition (from 3.8 to 6.7 R (sub A ) ), the persistence of relatively high values (>5 R (sub A ) ) over a period of 3 years, the 
increase in the flux of total He relative to gases in air-saturated water, and the increases in the rates of discharge of steam and  
gas from this fumarole indicate that magmatic intrusion did in fact begin in 1989 beneath Mammoth Mountain. Seismic activity 
and limited measurements of extensional deformation at the surface suggest that the depth of intrusion may be as shallow as 2 
km, consistent with the prompt appearance of increased (super 3) He/ (super 4) He ratios in the fumarolic gas, and that the 
intrusive process may have persisted for approximately 1 year. In contrast, a similar combination of magmatic intrusion and 
anomalous seismic activity beneath the resurgent dome -south moat region during the 1989-1991 period resulted in at most  
relatively small changes in (super 3) He/ (super 4) He in fumarolic discharge at the southern edge of the resurgent dome. The 
more subdued response may result from a combination of greater intrusive depths and greater dilution of (super 3) He-rich inputs  
to thermal fluid reservoirs in the shallow hydrothermal system in this area compared with Mammoth Mountain. 
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Abstract     A better understanding  of active volcanic areas in the United States through electromagnetic geophysical 

studies received foundation from the many surveys done for geothermal exploration in the 1970's. 
Investigations by governmental,  industrial, and academic agencies include (but are not limited to) mapping 
of the Cascades, Long Valley/Mono area, the Jemez volcanic field, Yellowstone Park, and an area in 
Colorado. For one example - Mt. Konocti in the Mayacamas Mountains, California - gravity, magnetic, and 
seismic , as well as electromagnetic methods have all been used in an attempt to gain a better 
understanding  of the subsurface structure. In each of these volcanic regions, anomalous zones were 
mapped. When conductive, these anomalies were interpreted to be correlated with hydrothermal activity and 
not to represent a magma chamber. Electrical and electromagnetic geophysical methods can offer valuable 
information in the understanding  of volcanoes by being the method which is most sensitive to change in 
temperature and, therefore, can best map heat budget and hydrological character to aid in prediction of 
eruptions. 
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Abstract     Two seismic tomography back projection techniques were used to determine the three- dimensional 

compressional to shear wave velocity ratio (Vp/Vs) structure for the shallow crust beneath Long Valley 
caldera. Both magmatic and geothermal activity are well documented at Long Valley caldera, and variations 
in Vp/Vs can distinguish between these areas. Both Vp and Vs decrease in magmatic and geothermal 
regions. However, Vs decreases faster than Vp in magmatic regions resulting in an increase in Vp/Vs, 
whereas Vp decreases faster than Vs in geothermal regions resulting in a decrease in Vp/Vs. The goal of this 
study was to distinguish between magmatic and geothermal areas in the shallow crust beneath the caldera. 
The two techniques used in this study were seismic tomography for Vp/Vs and simultaneous inversion for 
velocity structure and hypocentral earthquake location. The simultaneous inversion provided a three- 
dimensional P -wave velocity model for the caldera that was used in the seismic tomography inversion for 
Vp/Vs. The best resolved Vp/Vs results came from the seismic tomography inversion using a 1X1X1 fan 
model block size. This inversion showed good ray coverage, azimuth distribution, and synthetic anomaly 
recovery. The strongest and best resolved anomalies appear at a depth of 4-5 and 6-7 km. High Vp/Vs 
beneath the Inyo Domes Chain in the northwest caldera at 4- 5 km indicates that pockets of partial melt may 
still exist beneath the Inyo Domes Chain and may indicate that magmatic activity has not ceased in this area. 
Two areas of low Vp/Vs just east of Mammoth Mountain in the southwestern caldera at 4-5 km and along the 
resurgent dome's western edge at 6-7 km indicate areas of geotherrnal activity. The presence of fluids at 
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these depths is most likely due to fluid -filled cracks in alteration zones above deeper magmatic areas. 
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Author     Behr, Jeffrey Alan 
 

Abstract     Data from the biaxial, long-baseline, Michelson tiltmeter near Mammoth Lakes, California are used to 
model deformation in Long Valley caldera from September 1989 to January 1992. The long-baseline, 
half-filled fluid tube tiltmeter, based on the design of the Michelson -Gale long-baseline tiltmeters, was 
redesigned in the late 1970's to improve transducer resolution and reduce thermal sensitivity. The tiltmeter 
deployed at Long Valley is enhanced to provide long term stability in monitoring deformation associated 
with proposed magma chamber inflation. The tiltmeter transducers are referenced to approximately 20 m 
depth by three borehole extensometers to remove surface noise from the observed tilt record. Non - 
tectonic tilts induced by surface loading and unloading, and potential thermoelastic effects within the 
materials surrounding the transducer vaults are removed by subtraction of these records during data 
reduction. Anomalous vertical displacements from March to August 1991 are analyzed for their possible 
response to the spring 1991 South Moat earthquake swarm. The extensometers are further examined to 
assess their applicability as vertical strainmeters. The data have been analyzed for their coherence to 
thermal and barometric pressure variations within the tiltmeter vaults and fluid tubes. Atmospheric pressure  
contamination on the north-south fluid tube, which is believed to have induced apparent tilts as great as 
0.3 microradians,  is identified and removed through coherence analysis and predictive filtering. Interior  
vault temperature records were used to remove thermoelastic water height changes via the method of 
forward modelling. Power spectra for the preprocessed and post-processed data display an order of 
magnitude decrease in noise level on the north-south line, and an overall tiltmeter stability of approximately 
0.1 microradians from one month to one year periods. The tilt data are modelled as a response to 
proposed magma chamber inflation beginning in late September 

1989. The Mogi method (1958) for point -source expansion within an elastic half-space is used to model tilt as a response 
to volume changes in two connected magma chambers. Tilts and strains possibly caused by displacements on nearby 
faults are modelled using Okada's (1985) method for finite dislocations in a semi-infinite elastic half-space. Results compare 
well with the findings of a dense two-color geodimeter array to indicate cumulative magma chamber inflation of 
approximately 0.025 km (super 3) from September 1989 to January 1992. A four month delay between the onset of 
proposed magma intrusion and increased caldera seismicity appears to indicate the dominance of a magmatic 
deformation source within Long Valley caldera. In addition, the deficit between the modelled deformation moment and the 
cumulative seismic moment release during this period of inflation indicates a potential stored surplus of 1.5X10 (super 25) 
dyne -cm of elastic strain energy, which could be released in a single M 6 event, possibly on the relatively quiescent South 
Moat fault. 
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Abstract     The coda method has been utilized to determine the seismic response at various sites on the island of 
Hawaii using data from the Hawaiian Volcano Observatory (HVO) seismic network. Site amplification factors 
are calculated using spectral ratios of S -wave coda amplitude measured for many events and lapse times 
between 33 and 59 sec for frequencies between 1.5 and 15.0 Hz. We find that these site amplification factors 
vary by factors of as much as 12 for a given frequency due to differences in absorption and/or impedance 
properties beneath the site. Similar to results from Japan, central California, and Long Valley, the coda site 
amplification factors showed strong correlation with station residuals for magnitude determined by Johnson 
(unpublished results) for the HVO network between 1.5 and 6.0 Hz. Johnson (unpublished results) made an 
independent determination of event magnitudes and station site corrections by measuring averaged windowed 
amplitudes of the S wave and its coda using a method previously tested with data from the southern California 
seismic network (Johnson, 1979). Station calibrations were simultaneously determined and included the 
effects of instrument gain and site effect. After correcting Johnson's (unpublished) results 
for the instrument gain provided by HVO, we obtain correlations similar to the previous works, with the best 
correlation appearing at 3.0 Hz. Despite the complex subsurface structures on the island of Hawaii, the 
frequency dependence of our coda site amplification factors displays a remarkable regional trend. In some 
cases, plausible causes related to the underlying geologic structures can explain the similar frequency 
dependence; in other cases, the similarity cannot be explained or may be coincidental. Similar frequency 
dependences  among stations accompanied by a large variability in the absolute level of the site effect may 
be due to inaccurate instrument calibrations. 
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Abstract     A new method recently developed by Hoshiba et al. (1991) was used to separate the effects of scattering Q 
(super -1) and intrinsic Q (super -1) from an analysis of the S wave and its coda in Hawaii, Long Valley, and 
central California. Unlike the method of Wu (1985), which involves integration of the entire S wave energy, 
the new method relies on the integration of the S wave energy for three successive time windows as a 
function of hypocentral distance. Using the fundamental separability of source, site, and path effects for coda 
waves, we normalized the energy in each window for many events recorded at many stations to a common 
site and source. We plotted the geometric spreading-corrected normalized energy as a function of 
hypocentral distance. The data for all three time windows were then simultaneously fit to Monte Carlo 
simulations assuming isotropic body wave scattering in a medium of randomly and uniformly distributed 
scatterers and uniform intrinsic Q (super -1) . In general, for frequencies less than or equal to 6.0 Hz, 
scattering Q (super -1) was greater than intrinsic Q (super -1) , whereas above 6.0 Hz the opposite was true. 
Model fitting was quite good for frequencies greater than or equal to 6.0 Hz at all distances, despite the 
model's simplicity. The small range in energy values for any particular time window demonstrates that the site 
effect can be effectively stripped away using the coda method. Though the model fitting generally worked for 
1.5 and 3.0 Hz, the model has difficulty in fitting the whole distance range simultaneously, especially at short 
distances. Despite the poor fit at low frequency, the results generally support that in all three regions the 
scattering Q (super -1) is strongly frequency dependent, decreasing proportional to frequency or faster, 
whereas intrinsic Q (super -1) is considerably less frequency dependent. This suggests that the scale length 
of heterogeneity responsible for scattering is at least comparable to the wavelength for the lowest 
frequencies studied, of the order of a few kilometers. The lithosphere studied in all three regions can be 
characterized  as a random medium with velocity fluctuation characterized  by exponential or Gaussian 
autocorrelation functions which predict scattering. Q (super -1) decreasing proportional to frequency or faster. 
For all frequencies the observed coda Q (super -1) is intermediate between the total Q (super -1) and expected  
coda Q-1 in contrast with theoretical results for an idealized case of uniform distribution of 
scatterers and homogeneous  absorption which predict that coda Q (super -1) should be close to the intrinsic 
Q (super -1) . We will discuss possible causes for this discrepancy. Copyright 1992 by the American 
Geophysical Union. 
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Abstract     Data taken from the University of Nevada (UNR) array of surface-located wideband, digital, displacement 

seismographs placed over the 1980 Long Valley earthquake sequence show very strong site effects, which 
control spectral parameters and hence inferred source parameters, up to M (sub L) 5.0. Observations from 
4,000 seismograms show that differences in site effects can lead to inferred seismic moments at least a factor  
of two lower than previously reported. Observed S -wave spectral corner frequencies show upper- bound 
cutoffs which are widely disparate at different sites (e.g., 15 Hz at MG1 and 6 Hz at WT1), thus f (sub max) is 
quite variable by site. This high- frequency cutoff, clearly a site effect at WT1, could be misinterpreted as an 
apparent departure from source similarity for seismic moments below 10 (super 21) dyn-cm. Estimates of 
seismic moment and source duration from the UNR "rock" sites may be more accurate than those previously 
published, both because the UNR instrumentation has greater resolution at longer periods (0.1 to 
1.0 Hz) and because of less near -site signal distortion at high frequencies. Copyright 1991 by the American 
Geophysical Union. 
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Abstract     In this article, we present a method for determining the minimum time ray path from a planar wavefront at 
depth to a fixed point at the surface through a 3-D heterogeneous velocity structure. The program is based 
on the two point raytracer of Prothero et al. (1988), with a modification to use odd quarter -cycles of sinusoids 
to distort the rays. These functions produce zero displacement at the fixed receiver but non zero 
displacement at the wavefront. This allows the raytracer to explore a wide variety of ray paths starting at 
different points on 

the wavefront, while the rays leaving the wavefront remain normal to it. To find the minimum time path, 
amplitudes of these functions are systematically perturbed using the simplex algorithm. The approach is 
analogous to using a Fourier series to fit a curve with specific properties at each end. Development of this 
raytracer was motivated by the desire to model our observations of large perturbations in the bearings and 
phase velocities of teleseismic P waves recorded in Long Valley caldera, California. These observations 
clearly show the inadequacy of 1-D raytracing in regions having complex, three-dimensionally varving velocity 
structure. This raytracer provides a basic tool with which to study the effects of ray bending on tomographic 
results from these kinds of environments. 
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Abstract     Precise measurements  of local magnetic fields have been obtained with a differentially connected array of 

three proton magnetometers  in the Long Valley caldera region since 1984. Two magnetometers  are 
located inside the caldera with a third reference magnetometer located 26km southeast of the caldera. After 
correction for secular variation, it is apparent that an anomalous 2 nT decrease in the magnetic field 
occurred from mid-1989 to mid-1990 at the magnetometer located closest to the center of the resurgent 
dome inside the caldera. During this period a significant increase in geodetic strain rate of 8.5 ppm/a was 
observed on the two-color geodimeter network within the caldera from October, 1989, to mid-1990 and a 
dramatic increase in seismic activity occurred from December, 1989 to July, 1990. A simple dilatational 
point -source model with pressure increasing by 52 Mpa from October 1989 to August 1990 at a depth of 
about 7km beneath the center of the resurgent dome can be fit to the strain data. If this same model is 
used to calculate piezomagnetic fields in the caldera, the results obtained agree with the observed local 
magnetic field data provided the Curie point isotherm is at a depth of < or =5km. Taken together, these 
magnetic, seismic and geodetic data suggest that an episode of active magmatic intrusion occurred from 
late 1989 to mid-1990 at a depth of about 7-8km beneath the resurgent dome within the Long Valley 
caldera. Other indications of this intrusion should be evident in measurements of leveling, local gravity, and  
seismic imaging data. Copyright 1991 by the American Geophysical Union. 
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Abstract     Seismic reflection studies in Long Valley caldera, California, indicate that seismic methods may be 
successfully employed to image certain types of features in young silicic caldera environments. However, 
near -surface geological conditions within these environments severely test the seismic reflection method. 
Data quality are degraded by static, reverberation, and band-limiting problems due to these near -surface 
conditions. In Long Valley, seismic reflection and refraction methods were used to image both the shallow 
and deep geothermal aquifers within the area. The deep geothermal aquifer, the welded Bishop Tuff, was 
imaged as a fairly continuous reflector across the western moat of the caldera. Near -surface refraction 
information indicates that there may be a buried paleochannel system or horst and graben system that could 
control the shallow geothermal flow pattern. High-amplitude events observed in a wide-angle survey were 
originally interpreted as reflections from a contemporary magma body. However, a migration of the events 
utilizing the new generalized cellular migration algorithm indicates that these events are probably reflections 
from the faults of the caldera ring fracture system. The reflections may be caused by the high acoustic 
impedance contrast associated with the juxtaposition of relatively low - velocity, low -density, caldera fill 
against the granite plutons and metasediments  of the Sierran basement along this fault system. Copyright 
1991 by the American Geophysical Union. 
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Abstract     As an extension to work done by Phillips (1985) and Mayeda et al. (1990), who tested the viability of 

isolating the site effect using the coda method (Aki, 1980), we have calculated relative site amplification 
factors for 6 frequency bands in the Kilauea volcano region on the island of Hawaii. Frequency bands were 
centered at 1.5, 3.0, 6.0, 9.0, 12.0, and 15.0 Hz with bandwidths of +/- 0.75 Hz for the 1.5 Hz band and +/- 
2.0 Hz for the remaining frequency bands, identical to Mayeda et al's (1990) study for the Long Valley 
Caldera region. Despite the lack of differing surficial geology, relative site amplifications still varied by factors 
of 5 to 7 within a 22-station sub-array of the Hawaii Volcano Observatory's short- period seismic network. A 
number of stations near and within the main caldera (Halemaumau) showed consistently low amplifications 
over all frequency bands, yet nearby stations displayed high amplifications and showed different frequency- 
dependent behavior. Most of the stations along Kilauea's east rift zone showed moderate to high 
amplifications over all frequencies, but there was great variation in both the degree of amplification and 
frequency-dependent behavior. Stations to the north of Halemaumau generally showed similar frequency 
dependencies and high amplification at high frequencies. Near -site 

complexities  probably account for the behavior seen at certain sites. Results of this study are compared 
to Biswas et. al's (1990) T-phase amplitude observations in the Kilauea region. The large variations of 
observed site amplifications and frequency dependence should bring to attention the need for more 
sophisticated monitoring and study of the site behavior on the island. 
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Abstract     In 1982 and 1984 the U.S. Geological Survey used several seismic networks, totaling over 

90 stations, to record teleseismic P waves and measure travel time residuals in an area centered on the 
Long Valley caldera. We inverted the travel time residuals to obtain a three- dimensional image of the 
velocity structure with resolution of 5-6 km to depths of 70 km beneath the array. Direct inversion of these 
data indicates that the 2- to 4-km-thick low - velocity caldera fill contaminates the signal from any midcrustal 
velocity anomalies beneath the caldera. Thus two methods were used to strip the effects of the upper crust 
from the travel time residuals: (1) ray tracing through upper crustal velocity models provided by seismic 
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refraction experiments and gravity surveys, and (2) an iterative stripping scheme using the inversion itself. 
The methods produce essentially identical results and adequately remove the effects of the shallowest crustal 
structures, including the caldera fill and hydrothermal alteration effects. The resulting "stripped" models  show 
two well-resolved midcrustal low -velocity bodies in the Long Valley region. The first body is centered between 
7 and 20 km depth beneath the resurgent dome of the Long Valley caldera and has a volume of 150 -600 
km (super 3) . The second, with a similar volume, is centered between 10 and 20 km depth beneath the 
Mono Craters, about 10 km north of Long Valley. Velocity contrasts in both of these bodies are about 6-
10%, and the features are interpreted as silicic magma chambers. This experiment does not preclude the 
presence of additional pockets of magma smaller than 5 km across in the upper crust, 
particularly beneath the resurgent dome of the caldera (which would be removed with the stripping methods). 
It is likely that the midcrust anomaly beneath the resurgent dome is a remnant of the caldera forming magma 
chamber. Upper mantle velocities are lower than average beneath Mono Craters and higher than average 
beneath Long Valley. We tentatively interpret these anomalies as mantle partial melt beneath the Mono 
Craters and refractory upper mantle residuum beneath Long Valley. The high eruptive rate of the Mono 
Craters and these upper mantle structures suggest that the focus of volcanism is shifting north from Long 
Valley to the Mono Craters. Copyright 1990 by the American Geophysical Union. 
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Abstract     We observed shear wave splitting (birefringence) for two temporary surface deployments of three- 

component, digital seismographs,  that were in place before and after M=6+ earthquakes near the Long 
Valley caldera, California. In one of these deployments, the data sample precedes the large events of the 
May 1980 Mammoth Lakes earthquake sequence by 6 months and cover the two most active months of the 
May 1980 aftershock sequence; one of the stations (WIT) from this deployment was reoccupied with identical 
instrumentation  in 1988. Another deployment preceded the 1986 Chalfant Valley mainshock by 2 days and  
recorded events for 6 days. The polarization of the faster shear wave changes from N30 degrees W at 
Mammoth to due north at Chalfant Valley and in both cases is parallel to the strike of nearby surface faults 
and to the mean direction of P axes determined from focal mechanism groupings. Observations from nearby  
stations yield fast directions nearly at 23 degrees from each other, and time separations of fast and slow  
shear waves show considerable station-to -station variation, showing no correlation with earthquake - station  
distance or earthquake depth. These observations suggest that the 

observed anisotropy results primarily from near -station (presumably shallow) effects rather than from 
widespread aligned microcracks. The records at Long Valley station WIT show a slight variation of average 
fast shear wave polarization from 1979 to 1980, but with the limited amount of data available, this difference 
is not statistically significant. Time separation measurements of up to 0.48 s at station WIT yield estimates of 
15-30% velocity anisotropy, among the highest reported for local earthquakes. Secular variation in the time 
separation of fast and slow shear waves between events recorded at station WIT in 1979 and 1980 is 
swamped by the scatter in the data, if it is present. The five events recorded in 1988 showed similar S wave 
polarizations and time separations to those in 1980, but there are not enough events for a statistical 
comparison. Unlocated events at Long Valley station MRS show a slight increase in time separation after 
the May 1980 M=6.0+ earthquakes, but the increase is not statistically significant. Copyright 1990 by the 
American Geophysical Union. 
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Abstract     Three-component seismograms from local earthquakes recorded by three University of Wisconsin stations 

in the south moat of Long Valley caldera in 1982 have been analyzed for shear wave splitting. The average 
polarization direction of the first-arriving shear waves observed at the two stations south of the resurgent dome  
is NNW-SSE. Time delays between the fast and slow shear waves are proportional to hypocentral distances, 
and the maximum velocity anisotropy inferred is 6.4%. The average shear wave polarization observed at the 
station above the resurgent dome is north-south. The time delays there are not a function of 
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hypocentral distance, and the normalized time delays (ms/km) from events at the southwest boundary of the 
caldera are larger than those at other azimuths, indicating maximum 9.6% velocity anisotropy. The east- west 
to ENE-WSW variation of the tensional stress fields implied by the shear wave polarizations indicates the 
interaction between the inflating caldera and the Sierra Nevada range-front faults under the generally WNW-
ESE tension expected from the regional tectonics. Copyright 1990 by the American Geophysical 
Union. 
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Abstract     We examine and model the arrival time of a large secondary seismic arrival recorded in the Long 
Valley/Mono Craters region of east central California. Zucca et al. (1987) and Peppin (1987) both previously 
reported on different features of this same arrival. Using both arrays of sources and receivers, we 
demonstrate that the arrival in an S -to -P converted phase as first suggested by Lewis and Peppin (1988). 
Back projection of the observed travel times allows us to constrain the location of the converting material to 
somewhere within a southeast dipping zone between 7 and 16 km depth and within 5 km on either side of 
the northwest  topographic margin of the caldera. The analysis demonstrates the power of source and 
receiver  array combinations when analyzing seismic arrivals in complicated environments. Copyright 1989 by 
the American Geophysical Union. 

 
Publication Year   1989 

 
Publication Type   Serial; Analytic 

 
Accession  Number   1990-020190 

 
 

197. Database   GeoRef 
 

Title     Pre-S observations at station SLK, NW of  Long  Valley Caldera,  California,  and their  relation to   
possible magma bodies 

 
Author     Peppin, William A ;  Delaplain, Thomas W; Lewis, J Scott 

 
Affiliation     Mackay Sch. Mines, Seismol. Lab., Reno, NV, United States (USA) 

 
Source     Bulletin of the Seismological  Society of America, vol.79, no.6, pp.1894-1904, Dec 1989 

 
Publisher     Seismological  Society of America, Berkeley, CA, United States (USA) 

 
Publication Year   1989 

 
Publication Type   Serial; Analytic 

 
Accession  Number   1990-007028 

 
 

198. Database   GeoRef 
 

Title     Seismic calibration using the Simplex algorithm 
 

Author     Steck, Lee K ;  Prothero, William A, Jr 
 

Affiliation     Univ. Calif., Dep. Geol. Sci., Santa Barbara, CA, United States (USA) 
 

Source     Bulletin of the Seismological  Society of America, vol.79, no.5, pp.1618-1628, Oct 1989 



Long Valley Caldera, California

233

 

 

 
 

Publisher     Seismological  Society of America, Berkeley, CA, United States (USA) 
 

Publication Year   1989 
 

Publication Type   Serial; Analytic 
 

Accession  Number   1989-073332 
 
 

199. Database   GeoRef 
 

Title     Pre-S phases recorded north  of  Long  Valley Caldera;  an  investigation  into their  nature  
and geologic significance 

 
Author     Lewis, John Scott 

 
Abstract     A 3-dimensional seismic array was set up to record pre-S phases which have been previously observed on 

a vertical component station located about 20 km northwest of Long Valley Caldera. Previous work by Peppin  
and others (1989) demonstrated a parallelism between the travel time curves of the S and pre-S phases with 
an average time offset of 1.7 

seconds.  Previous least squares modelling limited possible explanations to 2 models. Records were timed in the 
frequency domain by determining the phase offset of the cross- spectrum. Relative arrival times were then fit to 
planewaves in order to determine the back azimuth and dip. Three-component seismograms were analyzed visually 
and analytically, in complex space, by a modified method of Vidale (1987) to determine wave type, polarity, and 
other characteristics.  Results indicate that the pre-S phase is a compressional wave approaching from the same 
azimuth and dip as the P phase. The pre-S phase possessed the most consistently similar spectral character, with its 
peak centered around 5 Hz. Amplitudes from greatest to least: S, pre-S, P. The pre-S phase is interpreted as possibly 
being the result of an S to P conversion in a molten, dike -like body northwest of the caldera. 
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Abstract     Applications of geophysical measurements  in the study of molten or partially molten bodies of 
magma, as well as of cooler masses of in situ magmatic rocks, of complex subvolcano systems, and of the 
crustal structure of regions of active magmatism have increased significantly in the past 25 years. A brief review 
of the successes and failures of such efforts is presented, based on published case studies, on theoretical 
considerations of the geophysical properties of magma and magmatic rocks (in terms both of the absolute 
values of such properties and relative to those of the country rocks in which the magma was emplaced), and on 
the viability of different geophysical techniques applied in attempts to answer specific questions raised by 
geologists engaged in the study of volcanoes or magmatic systems. The ultimate success of geophysical 
interpretation in such studies is dependent on the ability to detect, sort and correctly interpret signals arising 
from,  or affected by, a variety of phenomena: the actual presence of magma, itself; the geometric configuration of 
the magma body; properties of the magma owing to its physical state (e.g.,cooling,  thermally stable, or warming;  
moving, or at rest; convecting or non -convecting; etc.); the presence or absence of vigorous hydrothermal 
circulation in the region around and above the magma mass; the presence or absence of a rock alteration  shroud 
around the body, which may be present whether the body is hot or has cooled to an ambient regional  
temperature; and the presence or absence of emplacement -related, localized fracture systems in the country  rock 
nearby or deformation in the region of the body arising from the added effect of far -field stresses. Much of what 
can be detected geophysically at the surface is thus significantly influenced by processes and phenomena  in the 
shallow crust. These phenomena have the potential to screen, distort, mimic or reinforce signals deriving from a 
magma body or from the lower crust. In the case of those magmatic systems in which a 
constructional  volcanic edifice is present at the surface, part of the difficulty of interpretation  relates to the ability 
to effect a proper separation of surface or near -surface geologic signals from those arising at the depth of interest  
and target of relevance. In most cases, the task is not a simple one and the certainty of interpretation is 
sometimes a function of the availability of a variety of other information bearing on the specific problem that is 
to be solved. Some convincing case histories are presented in which the viability of the use of geophysical data 
is demonstrated and its interpretation independently confirmed. Studies examined here include gravity 
investigations,  magnetics, active and passive seismic studies and seismic signal delays, electrical methods, 
thermal gradient measurements  and heat flow calculations, and surface deformation studies. Example sites 
include the Cascade Range of western North America; Hawaii Volcanoes National Park, Hawaii; Long Valley, 
California; San Juan Mountains, Colorado; Rio Grande Valley, New Mexico; Yellowstone National  Park, 
Wyoming; as well as several active volcanoes in Japan and ancient magmatic complexes in the British Isles. 
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Abstract     Volcanic tremor or related phenomena have been recorded at more than 120 volcanic areas worldwide. A 
comprehensive literature search of over 560 references covering 105 volcanoes was made to determine 
quantitative relationships between different tremor parameters. Unpublished data from 5 volcanoes were 
added to the compilation. Preliminary results show that more than 240,000 episodes of tremor are reported 
in the literature. Analyses of subsets of these data show that approximately 65% of tremor episodes 
accompany eruptions of gases or lava, and 35% occurred with no eruption. Volcanic tremor preceded 
eruptions on a time scale of minutes to hours in approximately 20% of the cases studied, and followed 
eruptions in about 15% of the cases. Durations of individual tremor episodes range from minutes to years: 
62% from 1-59 minutes: 17% from 1-23 hours; 10% from 1-6 days: and 3% weeks or longer No data on 
durations were given for 8% of the episodes. Continuous tremor episodes with durations longer than one 
year have occurred at Etna, Stromboli, Arenal, Kilauea, and Oshima volcanoes. Based on data from 55 
volcanoes for which it was reported, the mean frequency of volcanic tremor is 3.8 Hz, and the median value 
is 3.2 Hz (Figure 1 below). The range of frequencies reported for tremor extends from 0.12 Hz to 15 Hz. The 
higher values are typical of station distances of less than 1 km and active geothermal systems, while the 
lower values are typical of distances on the order of 5- 10 km and magmatic activity. Observations of 
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tremor depend critically on seismic stations, and data on seismic stations are readily available for 78 
volcanoes. Of these, 25 volcanoes have at least one seismic station within 1 km of the vent. While the most 
distant station to record tremor is 430 km away (Hydrophones have recorded T-phases from submarine 
eruptions up to 8,600 km away.) Detection thresholds, normalized to reduced displacement, could be 
calculated for 43 volcanoes. Twelve volcanoes have detection thresholds less than 1.0 cm (super 2) ; the 
lowest thresholds are 0.02 cm (super 2) at Kilauea and 0.05 cm (super 2) at Ruiz. Estimates of the 
maximum amplitude of tremor, again normalized to reduced displacement,  were calculated for 22 
volcanoes. These range from 0.56 cm (super 2) to approximately 100,000 cm (super 2) , the latter value 
accompanying the great Vesuvius eruption of 1906. All of the values over 100 cm (super 2) except one 
occurred when large eruptions were in progress. The dynamic range of tremor at individual volcanoes varies 
from 14 to 75 dB, with a mean of 38 dB and a median of 37 dB (Figure 2 below). Felt tremor has been 
reported at 10 volcanoes: Paricutin, Lamington, Etna, Api Siau, Sierra Negra, Vesuvius, Ruiz, Pacaya, 
Surtsey, and Kilauea Deep (>10 km) tremor or low -frequency events have occurred at 3 volcanoes: Kilauea, 
Oshima, and Lassen. Banded tremor -- periodic episodes separated in time at regular intervals -- has 
occurred at 6 volcanoes: Karkar, Ruiz, Pavlof, Suwanose -jima. Ulawun. Klyuchevskoy, and at Old Faithful 
geyser. 

Spasmodic  tremor has occurred at Kilauea, Mount St. Helens, Fuego, Klyuchevskoy, Long 
Valley, and Vesuvius. 
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Abstract     Geophysicists contribute their knowledge to the solution of many societal problems--seismic and volcanic 
risk, exploration and mapping, to name a few. A field of special demand which has recently grown important is 
nuclear waste disposal. To effectively contribute to this project, the geophysicist must be well versed in the 
underlying issues. This article summarizes the background of the nuclear waste disposal problem and how 
geophysicists are contributing to its solution. The emphasis is on the high-level nuclear waste generated in the 
commercial sector. An accompanying article by Larry Irons illustrates some of the tools that have proved useful  
in hazardous waste investigations.  Many of these techniques have been applied to the 
characterization of the site for high-level nuclear waste. The repository program is an enormous one, perhaps 
the largest concentrated application of geologic knowledge ever made to a single question. There is a 
significant need for geophysical expertise because those techniques satisfy some special concerns at the 
repository site. 
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Abstract     A downhole seismometer at 900 -m depth and a temporary network of surface stations were deployed to use 

rays from local microearthquakes  to study the upper and middle crust beneath the Long Valley caldera. The 
downhole seismograms show S waves with high apparent amplitudes from earthquakes located 2-20 km to 
the south of the downhole seismometer. In contrast, S waves from earthquakes located in the distance range 
20-30 km to the south have low apparent amplitudes. If P and S amplitudes are normalized relative to the 
respective coda amplitudes, the S to coda amplitude ratios appear to remain constant 
but the P to coda amplitude ratios vary significantly with takeoff angle. A comparison of the calculated 
radiation patterns for a double couple in a uniform halfspace and focal mechanisms of the recorded 
earthquakes suggest that the observed variations in P and S amplitudes are caused by radiation pattern 
effects. Reanalysis of possible travel time delays found by Elbring and Rundle (1986), who used a subset of 
the borehole data analyzed in this study, shows that they underestimated the epicentral distances to three of 
the earthquakes and hence generated an artificial kink in the reduced travel time versus depth curve. Synthetic 
calculations of reduced travel time versus depth suggest that an apparent velocity of 5.7 km/s 
gives less scatter than 6.0 km/s used by Elbring and Rundle (1986). Plots of ts/tp versus depth show that 
contrary to the findings of Elbring and Rundle (1986), the Vp/Vs ratio stays fairly constant with depth and a 
small (<3-km diameter) magma chamber cannot easily be resolved. Furthermore, combined analysis of 
downhole and surface data shows that neither data set requires a low -velocity zone or a zone of 
anomalously high Vp/Vs at depth below the Casa Diablo area. 
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Abstract     We report observations of P to S converted teleseismic body waves recorded with seismic stations located  
on the resurgent dome of Long Valley caldera. We observe strong conversions occurring at boundaries that  
could be the tops of small magma bodies at depths of 4-9 kilometers beneath the resurgent dome. This 
technique could prove to be an extremely powerful tool in the search for magma bodies for geothermal  
energy development. Our results from a two month deployment of triggered, digital teleseismic recorders are 
discussed. 
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normal faults which, for the most part, are buried and obscured by recent volcanic and sedimentary cover. 
The only evidence for their presence is from their geophysical signatures on regional gravity, seismic and 
electromagnetic surveys. Recently, a surge of interest has focused studies in the western moat, where the 
volcanism is most recent, and where many workers feel that the geothermal potential is highest. A detailed, 
narrow-band (20-80 s) magnetotelluric profile in that area has delineated a parallel set of buried high angle 
normal faults which have virtually no expression at the surface. The outermost fault has a throw of 
approximately 500 m, while the innermost has a throw of approximately 2 km; neither has an expression in 
the surface morphology. Moreover, based on a relatively low resistivity contrast between the basement and 
the basin fill, we infer a relatively high fracture porosity in the Sierran basement, which suggests that there 
may be considerable  lateral and vertical migration of meteoric water; a result which has considerable 
significance to understanding the regional hydrology. 
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simultaneous solution of the coupled hypocenter-model problem. The Aki- Christoffersson-Husebye method 
(ACH) involves the inversion of large matrices, a task that is often performed by approximative solutions when 
the matrices become too big, as is the case for most LED, considering the coupled inverse problem. Such an 
approximate method (herein referred to as approximate geotomographic  method) is used to perform  tests 
with LED to obtain the best suited inversion parameters, such as velocity damping and number of iteration 
steps. The ACH method has been proposed for use of teleseismic data. Several adjustments to the original 
ACH method, which are necessary for use of LED, have been developed and are discussed. Such 
adjustments are the separation of the unknown hypocentral from the velocity model parameters for the 
inversion, the use of geometric weighting and step length weighting, the calculation of a minimum one -
dimensional (1D) model as the starting three-dimensional (3D) model for the model inversion, and the display  
of an approximate resolution matrix (ray density tensors) before the inversion is performed. The ray density  
tensors allow the block cutting, e.g., the definition of the 3D velocity grid, to better correspond with the 
resolution capability of the specific data set. The adjustments to the method are tested by inversion of 
realistic  LED of known variance. Synthetic LED are also used to demonstrate the effects of systematic  errors, 
such as mislocations of seismic stations, on the resulting velocity field. Using the data sets from Long  
Valley, California, Yellowstone National Park, Wyoming, and Borah Peak, Idaho, the effects 
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of improvements to the ACH method and of the data filtering process are shown. The use of the minimum 
1D models for routine earthquake location improves this location procedure, as shown with the relocation of 
shots for the Long Valley and Yellowstone areas. The three-dimensional velocity fields obtained by the ACH 
method for the Long Valley and Yellowstone areas show local anomalies in the p velocity that can be 
correlated with tectonic and volcanic features. A pronounced anomaly of low p velocity below the 
Yellowstone caldera can be interpreted as a large magma chamber. However, the bulk of the paper 
addresses problems of the inversion method. The LED from the areas mentioned above are used to 
numerically and theoretically tune the inversion method for the defects that all real data contain. It is shown 
that one of the most important steps for any inversion of LED is the selection of the data for quality and for 
geometrical distribution. 
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Abstract     In this review I describe results from experiments conducted by the U.S. Geological Survey in diverse 

volcanic environments  to image velocity anomalies in the crust and upper mantle using teleseismic P -wave 
residuals. The linear least-squares inversion technique of Aki et. al. (1976, 1977) is extensively used in these 
studies. The seismic models thus obtained are synthesized with available geologic and geophysical data to 
infer plausible models of magma genesis in these regions. The three-dimensional velocity model beneath 
Yellowstone Plateau shows a large low -velocity body of approximately 100 km diameter centered on the 
caldera and extending from the crust to a depth of about 250 km. This is interpreted to be a massive magma 
body which is responsible for the volcanism during the past 2 m.y. in Yellowstone. Teleseismic S -wave 
residuals, Raleigh-wave dispersion data, heat-flow, gravity, Curie isotherm depths, and magnetotelluric  data, 
all support the existence of a temperature near granite solidus beginning at a depth of 5-10 km beneath the 
Yellowstone caldera floor. In the Eastern Snake River Plain (ESRP) a low -velocity anomaly is present in the 
upper mantle but not in the crust, leading to the speculation that ESRP is the healed track of a northeast 
propagating volcanic center whose present position is Yellowstone. The seismic model for the ESRP- 
Yellowstone volcanic system, though unable to distinguish between different models of origin of the system, 
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clearly shows that basaltic magma rises from the mantle, melts the lithosphere and yields massive quantities 
of rhyolitic magma. The seismic velocity structure beneath Hawaii, an oceanic hot spot, shows a complex 
crustal structure with no evidence for a large magma chamber in the crust. However, in the upper mantle there  
is an elongate north-south trending low -velocity zone, 200 km wide and traceable to a depth of 165 km. 
Thus, similar hot-spot generation models in the asthenosphere may be applicable to Yellowstone and Hawaii, 
though the chemistry and volume of surface volcanism is greatly different in the two areas. In all the six intra-
plate silicic volcanic centers which we have probed using the teleseismic-residual technique, low - velocity 
anomalies, inferred as crustal magma chambers have been found. In at least one such volcanic center, Long 
Valley in California, uplift and S -wave attenuation measurements  support that the magma chamber 
delineated by teleseismic residuals is real. The suggestion of a root to the magma chamber extending into 
the upper mantle supports the geologic model for magma genesis in these centers, namely, infusion of 
basaltic magma from the asthenosphere into the lithosphere and crust, and resulting partial melting. In 
contrast to the silicic volcanic centers, none of the andesitic Cascade volcanoes show evidence for crustal 
magma chambers detectable using the teleseismic technique. Teleseismic-residual data in two volcanoes, 
Newberry in Oregon, and Medicine Lake in California, show massive high-velocity intrusions in the crust 
beneath the volcano edifice. A high-resolution seismic imaging experiment has revealed the presence of a 
low -velocity anomaly which could be a dike -like molten magma pocket within the high-velocity intrusive in 
Newberry volcano. On a regional scale, the teleseismic residual experiments using long profiles have 
successfully delineated high-velocity anomalies, possibly related to subduction, in the Oregon Cascades,  and 
a low -velocity anomaly due to asthenospheric  upwarp 
beneath the Rio Grande Rift. 
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Abstract     Approximate solutions are obtained for the stress and displacement fields due to a 

pressurized  spherical cavity in an elastic half-space. The solutions take the form of series expansions in 
powers of epsilon = a/d, where a is the cavity radius and d is the depth. The leading-order term in the 
expression for the surface uplift, which arises at O(epsilon (super 3) ), recovers the well-known result of 
Mogi for the response to a point dilatation. The first higher-order correction accounts for a cavity of finite size 
and thus offers the possibility of fitting leveling data for not only the depth but also the radius and pressure 
increment. However, this correction is of O(epsilon (super 6) ) and, consequently,  is weak. The result 
provides a formal explanation for the success of the point dilatation model in representing uplift data even 
when it is known independently that epsilon is not small. The higher-order correction causes the surface 
uplift to fall off more rapidly in the radial direction, implying that a fit of the point source solution tends to 
underestimate the depth d. In contrast to the surface displacement,  the stress field near the cavity is 
affected profoundly by the proximity of the free surface. Three higher-order corrections to the stress field are 
obtained, which result in a uniformly valid approximation to O(epsilon (super 5) ). The hoop stress at the 
cavity exhibits a tensile maximum at the circle of tangency with a cone with its apex at the free surface. This 
result appears to be consistent with the locus of fractures radiating outward from the magma body inferred 
by seismic methods in Long Valley, California. 
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Abstract     Seven thousand seismograms of small earthquakes in the Mammoth Lakes -Bishop area were used to 

measure values of Q from the decay of the earthquake coda. These measurements were compared between 
events that occurred before and after the Round Valley earthquake (M = 5.7). We found that in regions near 
the main shock epicenter, measurements of coda Q (super -1) for earthquakes that occurred after the main 
shock were higher than for those earthquakes that occurred prior to the main shock. The opposite behavior 
was found for regions farther away from the main shock, namely, lower coda Q (super -1) after the main 
shock than before. Measurements  of coda Q (super -1) in the Long Valley Caldera, outside of the 
immediate source region of the earthquake, were higher than in surrounding areas before the main shock, 
but the difference disappeared after the occurrence of the main shock. This indicates that the temporal 
variation in coda Q (super -1) is comparable to its spatial variation. The doughnut model (seismicity 
quiescence surrounded by a zone of activity) which was invoked for explaining the precursory seismicity 
pattern appears to be similar with the observed coda Q (super -1) variation associated with the Round 
Valley earthquake. The observed spatial variations in coda Q (super -1) also help to 

reconcile  conflicting results published in previous studies of the coda Q (sub -1) precursor. -- Journal 
abstract. 
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Abstract     The recent suggestion that earthquakes at Long Valley caldera, California, are caused by rapid tensile failure 
under high fluid pressure contradicts the assumption that the speed of propagation of a fluid -driven tensile crack 
is limited by the speed of motion of the fluid within the crack, so that such cracks cannot radiate seismic  
waves.  In this paper we analyze fluid - driven cracks of various geometries and find examples of both stable  
and  catastrophic propagation. For an isolated crack in a homogeneous  medium with remotely applied 
compressive stresses the stress intensity decreases as the crack tip extends beyond the driving fluid 
(assumed stationary), so that crack propagation is stable and limited by the rate of fluid flow. On the other 
hand, for two cracks approaching each other, initially stable behavior gives way to unstable propagation, and 
the cracks join catastrophically even if the fluid is stationary. A crack approaching a free surface also exhibits a 
transition from stable to unstable propagation, with the final episode occurring catastrophically. A crack 
emanating from a pressurized reservoir of cylindrical or spherical shape can also undergo an episode of 
catastrophic propagation. Propagation begins when the reservoir pressure rises to a critical value, which 
depends on the regional stress field, the fracture toughness of the rock, and the size of the largest flaw at the 
surface of the reservoir. This flaw propagates catastrophically until it reaches a certain size and thereafter 
propagates stably. Microearthquakes  caused by hydraulic fracturing have dimensions of at most a few tens of 
borehole radii and therefore probably are difficult to detect. Volcanic earthquakes can have source 
dimensions comparable to the radius of the associated magma chamber, so earthquakes as large as those at 
Long Valley caldera (source dimensions congruent to 10 km) could be caused by tensile failure. 

 
Publication Year   1987 

 
Publication Type   Serial; Analytic 

 
Accession  Number   1987-057198 

 
 

234. Database   GeoRef 
 

Title     Laterally-variable crustal models for pre -S observations at Station SLK, NW of 
Long Valley Caldera, California 

 
Author     Delaplain, Thomas W; Peppin, W A 

 
Affiliation     Mackay Sch. Mines, Seismol. Lab., Reno, NV, United States (USA) 

 
Author     Anonymous 

 
Source     Seismological  Research Letters, vol.58, no.1, pp.34, Mar 1987 



Long Valley Caldera, California

244

 

 

 
 

Publisher     Seismological  Society of America, Eastern Section, [El Cerrito, CA], United States (USA) 
 

Publication Year   1987 
 

Publication Type   Serial; Conference document; Analytic; Abstract only 
 

Accession  Number   1988-028589 
 
 

235. Database   GeoRef 
 

Title     Preliminary results from converted wave studies in the Long Valley Caldera 
 

Author     Steck, Lee ;  Prothero, William A 
 

Affiliation     Univ. Calif. at Santa Barbara, Dep. Geol. Sci., Santa Barbara, CA, United States (USA) 

Author     Anonymous 
 

Source     Seismological  Research Letters, vol.58, no.1, pp.35, Mar 1987 
 

Publisher     Seismological  Society of America, Eastern Section, [El Cerrito, CA], United States (USA) 
 

Publication Year   1987 
 

Publication Type   Serial; Conference document; Analytic; Abstract only 
 

Accession  Number   1988-028590 
 
 

236. Database   GeoRef 
 

Title     Teleseismic P-Su wave form modeling for  crustal structure  beneath  Mina, Nevada  and   
beneath Long Valley and Calden, California 

 
Author     Mangino, Stephen George 

 
Publication Year   1987 

 
Publication Type   Thesis or dissertation; Master's; Monographic 

 
Accession  Number   1992-053904 

 
 

237. Database   GeoRef 
 

Title     Estimates of extension in the Basin & Range Province 
 

Author     Boyer, Steven E ;  Allison, M Lee 
 

Affiliation     Univ. Wash., Dep. Geol. Sci., Seattle, WA, United States (USA) 
 

Author     Dickinson, William R (chairperson) 
 

Source     Abstracts with Programs - Geological Society of America, vol.19, no.7, pp.597, 1987 
 

Publisher     Geological Society of America (GSA), Boulder, CO, United States (USA) 
 

Publication Year   1987 
 

Publication Type   Serial; Conference document; Analytic; Abstract only 
 

Accession  Number   1988-022802 
 
 

238. Database   GeoRef 
 

Title     Inversion of teleseismic travel time residuals to investigate the three- dimensional P- 
velocity structure of the crust and upper mantle, the Long Valley, California, region 

 
Author     Dawson, P B ; Iyer, H M;  Evans, J R; Achauer, Ulrich 

 
Affiliation     U. S. Geol. Surv., Menlo Park, CA, United States (USA) 

 
Affiliation     Univ. Fridericiana Karlsruhe, Federal Republic of Germany (DEU) 

 
Author     Anonymous 

 
Source     International Union of Geodesy and Geophysics, General Assembly, vol.19, Vol. 1, pp.55, 

1987 
 

Publisher     International Union of Geodesy and Geophysics (IUGG), Vancouver, BC, Canada (CAN) 
 

Publication Year   1987 
 

Publication Type   Serial; Conference document; Analytic; Abstract only 
 

Accession  Number   1990-048106 



Long Valley Caldera, California

245

 

 

 
 
 

239. Database   GeoRef 
 

Title     Exotic  seismic  phases recorded near  Mammoth  Lakes  and  their  use  in  the delineation of   
shallow-crustal (magma?) anomalies 

 
Author     Peppin, William A 

Affiliation     Mackay School of Mines, Seismological  Laboratory, Reno, NV, United States (USA) 
 

Author     Okal, E A 
 

Source     Pure and Applied Geophysics, vol. 125, no. 6, pp.1009-1023, 1987 
 

Publisher     Birkhaeuser Verlag, Basel, Switzerland (CHE) 
 

Publication Year   1987 
 

Publication Type   Serial; Analytic 
 

Accession  Number   1990-046467 
 
 

240. Database   GeoRef 
 

Title     Analysis  of  borehole seismograms from Long Valley, California;  implications for  caldera   
structure 

 
Author     Elbring, Gregory J; Rundle, John B 

 
Affiliation     Sandia Natl. Lab., Geophys. Div., Albuquerque, NM, United States (USA) 

 
Source     Journal of Geophysical Research, vol. 91, no. B12, pp.12,651-12,660, 10 Nov 1986 

 
Publisher     American Geophysical Union, Washington, DC, United States (USA) 

 
Abstract     A three-component seismometer was emplaced in a borehole in Long Valley Caldera for a period of 2 

months to record local earthquakes to the south, mostly in the Sierra Nevada. The seismic records were 
plotted in depth versus time sections to produce "vertical hypocentral profiles" for both the vertical and 
horizontal components. The data collected and displayed in this way provide good resolution of the crustal 
structure at depth and avoid the attenuation and complications introduced by the near -surface caldera fill. The 
record sections  were then modeled with two-dimensional ray tracing to match the observed travel times. 
Although nonreversal of the profiles and uncertainties in hypocentral locations introduce ambiguities, the final 
interpretation reveals two separate low -velocity bodies which we have tentatively identified as magma 
beneath the resurgent dome in Long Valley. The first of these is a small (2 km by 6 km) body with a depth to 
top of approximately 3.7 km beneath the surface at the southern end of the resurgent dome. The other body 
appears larger and lies at a depth of 5.5 km beneath the northern end of the resurgent dome.-- Journal 
abstract. 
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Abstract     Geophysical studies of the major boundary fault(s) in eastern Long Valley caldera have led to significantly 
different models being proposed for the subsurface structure of this area. Pakiser originally interpreted 
gravity data to propose a steep vertical offset across the eastern boundary fault(s) which may be as great as 
5 km. On the other hand, Hill employing seismic refraction data, and Abers, who reinterpreted the available 
gravity data in the light of the "hard" seismic constraints of Hill, suggested that the offset across this fault 
may be much more gentle. However, new magnetotelluric  data may call for a revision of these models. Based  
on these recent MT results, offsets along the eastern boundary fault appear to be somewhat steeper than 
recent models would suggest. Our current thinking would favor a model more in keeping with the one 
originally envisaged by Pakiser, but with less throw (approximately 2 km) across the faults. 

 
Publication Year   1986 

 
Publication Type   Serial; Analytic 

 
Accession  Number   1986-067523 

 
 

247. Database   GeoRef 
 

Title     Seismic reflection profiling in the Long Valley Caldera 
 

Author     Johnson, R A ;  Deemer, S ;  Berg, R; Burke, M; Smithson, Scott B ;  Rundle, John B 
 

Affiliation     Univ. Wyo., Dep. Geol. and Geophys., Laramie, WY, United States (USA) 
 

Affiliation     Sandia Natl. Lab., United States (USA) 
 

Author     Anonymous 
 

Source     Eos, Transactions,  American Geophysical Union, vol.67, no.16, pp.313, 22 Apr 1986 
 

Publisher     American Geophysical Union, Washington, DC, United States (USA) 
 

Publication Year   1986 
 

Publication Type   Serial; Conference document; Analytic; Abstract only 
 

Accession  Number   1987-045338 
 
 

248. Database   GeoRef 
 

Title     Crustal structure beneath Long Valley, California, determined from analysis of borehole seismograms 
 

Author     Elbring, Gregory J; Rundle, John B 
 

Affiliation     Sandia Natl. Lab., Geophys. Res. Div., Albuquerque, NM, United States (USA) 
 

Author     Anonymous 
 

Source     Eos, Transactions,  American Geophysical Union, vol.67, no.16, pp.313, 22 Apr 1986 
 

Publisher     American Geophysical Union, Washington, DC, United States (USA) 
 

Publication Year   1986 
 

Publication Type   Serial; Conference document; Analytic; Abstract only 
 

Accession  Number   1987-045339 
 
 

249. Database   GeoRef 
 

Title     Seismic investigation of structures associated with the intrusion of the 600- year-old dike  under  Inyo Domes 
 

Author     Burkhard, Norman R; Kasameyer, Paul W 

Affiliation     Lawrence Livermore Natl. Lab., Livermore, CA, United States (USA) 
 

Author     Anonymous 
 

Source     Eos, Transactions,  American Geophysical Union, vol.67, no.16, pp.402, 22 Apr 1986 
 

Publisher     American Geophysical Union, Washington, DC, United States (USA) 
 

Publication Year   1986 
 

Publication Type   Serial; Conference document; Analytic; Abstract only 
 

Accession  Number   1988-038987 
 
 

250. Database   GeoRef 
 

Title     NEWT System 
 

Author     McNutt, Steve 



Long Valley Caldera, California

248

 

 

 
 

Affiliation     Calif. Dep. Conserv., Div. Mines and Geol., Sacramento, CA, United States (USA) 
 

Source     California Geology, vol.39, no.3, pp.51 -55, Mar 1986 
 

Publisher     California Division of Mines and Geology, San Francisco, CA, United States (USA) 
 

Publication Year   1986 
 

Publication Type   Serial; Analytic 
 

Accession  Number   1986-035262 
 
 
 

251. Database   GeoRef 
 

Title     CALCRUST wide-angle reflection survey, Mammoth Lakes, CA 
 

Author Murphy, W; Malin, P ;  Rundle, J; McEvilly, T; Okaya, David A 
 

Affiliation Univ. Calif., Dep. Geol. Sci., CALCRUST,  Santa Barbara,  CA, United States (USA) 
 

Affiliation Sandia Natl. Lab., United States (USA) 
 

Author Anonymous 
 

Source Abstracts  with Programs  - Geological  Society of America,  vol.18, no.2, pp.162-163, Feb 
1986 

 
Publisher Geological  Society of America  (GSA), Boulder, CO, United States (USA) 

 
Publication  Year   1986 

 
Publication  Type   Serial; Conference document; Analytic; Abstract  only 

 
Accession  Number    1987-013017 

 
 

252. Database   GeoRef 
 

Title     Q structure beneath the Mono Craters-Long Valley region 
 

Author Steck, Lee Karl 
 

Publication  Year   1986 
 

Publication  Type   Thesis or dissertation; Master's;  Monographic 
 

Accession  Number    1987-049233 
 
 

253. Database   GeoRef 
 

Title     Spectral classification and interpretation of earthquakes near Long Valley 
Caldera, Sierra Nevada, California 

 
Author Zhu Chuanzhen; Uhrhammer, R A ;  Bolt, B A 

 
Affiliation University  of California,  USA, (United States) 

 
Source Revista de Geofisica  (Madrid),  vol.42, no.2, pp.217-226, 1986 

 
Publisher Consejo  Superior  de Investigaciones  Cientificas,  Madrid, Spain (ESP) 

 
Publication  Year   1986 

Publication  Type   Serial; Analytic 

Accession  Number    1992-081608 
 
 

254. Database   GeoRef 
 

Title     New evidence for magma bodies south of Long Valley Caldera, Mammoth Lakes, California 
 

Author Peppin, William A 
 

Affiliation Univ. Nev., Seismol.  Lab., Reno, NV, United States (USA) 
 

Source Eos, Transactions,  American  Geophysical  Union, vol.66, no.46, pp.959, 12 Nov 1985 
 

Publisher American  Geophysical  Union, Washington, DC, United States (USA) 
 

Publication  Year   1985 



Long Valley Caldera, California

249

 

 

 

 
 

Publication  Type   Serial; Conference document; Analytic; Abstract  only 
 

Accession  Number    1987-030422 
 
 

255. Database   GeoRef 
 

Title     The 1985 Mammoth wide-angle seismic reflection survey 
 

Author Murphy, William J; Renaker, E ;  Robertson, M;  Martin, A ;  Malin, P 
 

Affiliation Univ. Calif., Dep. Geol. Sci., Santa Barbara,  CA, United States (USA) 
 

Source Eos, Transactions,  American  Geophysical  Union, vol.66, no.46, pp.960, 12 Nov 1985 
 

Publisher American  Geophysical  Union, Washington, DC, United States (USA) 
 

Publication  Year   1985 
 

Publication  Type   Serial; Conference document; Analytic; Abstract  only 
 

Accession  Number    1987-030423 
 
 

256. Database   GeoRef 
 

Title     Q structure beneath Mono Craters, California 
 

Author Steck, Lee ;  Scheimer, Jim; Prothero, William A, Jr 
 

Affiliation Univ. Calif., Dep. Geol., Santa Barbara,  CA, United States (USA) 
 

Affiliation Lawrence  Livermore  Natl. Lab., United States (USA) 
 

Source Eos, Transactions,  American  Geophysical  Union, vol.66, no.46, pp.960, 12 Nov 1985 
 

Publisher American  Geophysical  Union, Washington, DC, United States (USA) 
 

Publication  Year   1985 
 

Publication  Type   Serial; Conference document; Analytic; Abstract  only 
 

Accession  Number    1987-030424 
 
 

257. Database   GeoRef 
 

Title     Active tectonic and magmatic processes beneath Long Valley Caldera, eastern 
California; an overview 

 
Author Hill, David P ;  Bailey, Roy A ;  Ryall, Alan S 

 
Affiliation U. S. Geol. Surv., Menlo Park, CA, United States (USA) 

Affiliation Univ. Nev., United States (USA) 
 

Author Anonymous 
 

Source Journal of Geophysical  Research,  vol. 90, no. B13, pp.11,111-11,120, 10 Nov 1985 
 

Publisher American  Geophysical  Union, Washington, DC, United States (USA) 
 

Abstract Geological, chronological,  and structural  studies of the Long Valley-Mono/Inyo Craters area document a 
long history of related volcanic eruptions  and earthquakes  controlled  by regional  extensional  tectonics  of 
the Basin and Range province. This activity has persisted for hundreds  of thousands  of years and is likely to 
continue. The Long Valley magma chamber had a volume approaching  3000 km (super 3) prior to its 
climatic caldera-forming eruption 0.7 m.y. ago but has been reduced to less than a third of this volume by 
cooling, eruption, and crystallization.  Seismic  evidence  indicates  that the main mass of the present Long 
Valley magma  chamber is about 10 km in diameter and that its roof is 8-10 km deep with smaller cupolas as 
shallow  as 4-5 km. Although  a chamber of this size is probably capable of producing  an eruption approaching 
30 km (super 3) of lava, the record over the past 0.5 m.y. suggests  that eruptions  of 1 km (super 3) or less 
are far more likely. Models proposed for the current ground uplift and seismicity  within the caldera require 
inflation of 0.1-0.2 km (super 3) by additional  magma  since mid-1979, and some models suggest  that 
inflation was accompanied  by injection of a thin dike or dikes (probably  of silicic magma)  into the ring fracture 
zone beneath the south moat. Several of the M 5.8-6.2 earthquakes  that occurred in the region beginning  in 
1978 had non -double -couple focal mechanisms. Whether  these unusual  mechanisms indicate injection  of 
mafic (low -viscosity)  magma  at midcrustal depths in the Sierra Nevada block south of the caldera remains 
debatable. Studies  of calderas  of various ages throughout  the world indicate that episodes  of unrest are 
relatively common  and do not invariably culminate  in eruptions.  Although  current unrest is concentrated in the 
south moat of Long Valley caldera, the Inyo/Mono Craters probably  hold a greater potential for producing 
an eruption in the foreseeable  future. The Inyo/Mono Craters  have erupted at 500 -year intervals over the 
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past 2000-3000 years, whereas  the Long Valley magma  chamber has erupted at about 200,000-year 
intervals over the past 700,000  years. In either case, a major earthquake near the caldera could strongly 
influence the course of volcanic activity. 
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Abstract  During the summers  of 1982 and 1983, field work was completed on 10 new seismic refraction profiles in 

the Long Valley-Mono Craters region located within the technically  active zone between  the eastern Sierra 
Nevada and the Basin and Range province. The four profiles presented  here sample the upper 7-10 km of 
the crust within the western  half of Long Valley cladera, the Mono craters ring fracture system, and the 
"normal" crust north and northeast  of Long Valley. The entire area shares a common  crystalline  basement 
consisting primarily of Mesozoic granitic rocks. At a depth of 2 km beneath the topographic surface, the P 
wave  velocity  is uniformly 5.6 km/s beneath which the velocity  increases  with a gradient of about 0.1 s (super  
-1) . Clear secondary  arrivals observed  on a profile crossing the west part of the caldera support evidence  
from 1972 seismic refraction profiles for a reflecting boundary  at a depth of 7-8 km beneath the west margin  
of the resurgent  dome, which may represent  the top of a magma  chamber.  Structural details resolved  in the 
upper 2 km of the crust lead to the following conclusions:  (1) P wave velocities  in the crystalline basement at 
depths shallower  than 2 km vary from 3.6 to 5.0 km/s. This variation reflects differences in the degree of 
fracturing of the upper portion of the basement. (2) An apparently homogeneous basement  in the upper 7-10 
km beneath the Mono Craters ring fracture system indicates  that any extensive magma chamber must be at 
least 10 km deep there. (3) The downdropped crystalline  basement  beneath the western  half of Long Valley  
caldera dips genty (5 degrees -10 degrees ) to the northeast.  Apparent offsets along steeply dipping caldera-
bounding faults are 1.0-1.7 km along the northern, western, and southern sides of the caldera with  largest 
offsets in the north. (4) Rocks forming the caldera fill fall into essentially three P wave velocity groups.  From 
the surface downward  these velocity  groups are 100 -400 of 1.2-1.8 km/s 
material corresponding  to unconsolidated fluvial or lacustrine deposits or highly fractured rhyolite flows, 200 - 
400 m of 2.8-3.1 km/s material corresponding 

to sparsely jointed postcaldera rhyolite,  rhyodacite  and basalt flows, and approximately  1000 m of 3.9-4.4 
km/s material corresponding  to deposits of Bishop Tuff. 
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Abstract  At least three large earthquakes  in 1978 and 1980 near Long Valley caldera have unusual non -double - 
couple mechanisms, unlike those appropriate  for shear faulting.  This conclusion  is supported  by short- period 
P first motions, long-period P and SH first motions, surface wave spectral  amplitudes and initial phases, and 
long-period P and SH waveforms. Two explanations for these anomalous  mechanisms have been proposed: 
(1) simultaneous strike slip and normal motion on separate faults and (2) tensile failure under high fluid 
pressure.  To evaluate these conflicting  hypotheses, we have inverted P and SH waveforms recorded  by the 
Global Digital Seismograph Network  (GDSN) to obtain moment tensors for the earthquakes and have also 
generated  broadband  seismograms  by deconvolving  short- and long-period GDSN data. The largest event 
(1633:44  UTC, May 25, 1980) has a duration of about 20 s and can be resolved  into three events, separated 
by intervals of about 7 and 10s, each having a non -double -couple mechanism. This contrasts with previously 
reported inversion results for other complex earthquakes, all of which have double -couple subevents. 
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Furthermore, the earthquake of 1450:56 UTC May 27, 1980, appears to be simple and not composed of 
smaller events. Thus the non -double -couple mechanisms are probably  intrinsic to the source process  and 
not artifacts  caused by misinterpretation  of multiple ruptures  as single events. Rapid opening of cracks under 
high fluid pressure is a likely possibility  for this process, although its dynamics  are complex and not yet fully 
understood. 
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Abstract  The moment tensor solutions  determined from both long-period body and surface waves for most of the 
large earthquakes  in the 1980 Mammoth  Lakes sequence  have substantial  deviations from a pure double - 
couple mechanism. Julian (1983) and Aki (1984) argue that these deviations  require nonshear  faulting 
seismic sources  such as a compensated  linear vector dipole (CLVD) which could represent  magmatic  dike 
injection.  Here we reexamine the moment tensor solutions  and investigate  the effects of the non -double - 
couple source on body wave synthetics. An error function  which is based on the cross correlation of a 
synthetic  and an observed  waveform  was used to assess the difference  in fit between  the complete moment  
tensor solution and one constrained to be a double couple. For the main shock (May 25, 1980; 
1633) the sum of the errors differed  by less than 5% for the two models. Similarly, the errors differed by only  
3% for the aftershock  on May 27, 1980. The conclusion is that the CLVD mechanism is not resolved  in the 
long-period data. In addition, the complete moment tensor solution has an extra parameter; a chi (super 
2) test was applied to normalize  the number of parameters,  and it was found that the complete solution 

was slightly less significant  than the double -couple solution. Finally, the complete solution was compared 
to a pure CLVD solution; for all the events examined,  the total moment tensor is as far removed from a 
CLVD as it is a double couple. Although this does not rule out the possibility  of dike injection,  it strongly 
suggests  that faulting can account  for the long-period seismic observations  in the 1980 swarm. 
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Abstract  Spectral  amplitudes for 24 events of the Mammoth  Lakes earthquake sequence  have been determined for 

the frequency range 0.1-10.0 Hz. The M (sub L) 6 earthquake that occurred at 1450 UT on May 27, 1980, is 
of particular  interest because of the controversy surrounding  its mechanism. A comparison of spectral 
levels determined from analysis of locally recorded strong motion and broadband  digital data and spectral 
levels from regionally  recorded surface waves extrapolated  back to the source yields consistent  results, 
indicating flat spectra in the band 0.1-1.0 Hz. The spectra observed  in this study do not show pronounced 
spectral peaks predicted  by theoretical  studies of ground motion due to the jerky extension of a fluid -driven 
tensile crack containing  a low -viscosity  fluid. We have found nothing in the spectra of the M (sub L) 6 event 
that occurred at 1450 UT, on May 27, 1980, nor in the spectra of the aftershocks to distinguish  them from 
spectra of "tectonic" earthquakes. However, the spectra themselves  do not distinguish between  various 
possible  explanations for the non -double -couple source mechanism observed  in moment tensor inversion 
and first motion data for the largest events of the Mammoth Lakes earthquake sequence. 
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Abstract  The dike intrusion mechanism proposed  recently  by B. R. Julian and his colleagues  for several large 
earthquakes  at Long Valley caldera has stimulated  new interest in the mechanics of fluid injection.  This 
study is an attempt to resolve some of the questions  raised by this interpretation  by numerically  simulating 
the dynamics  of a propagating fluid -filled crack. The computations  are based on the two-dimensional finite 
difference method applied by Aki and coworkers  to a similar problem of a fluid -driven crack. We extend this 
earlier study by improving  the boundary  conditions  applied in the plane of the crack and by analyzing a crack 
containing  a viscous  fluid that supports  acoustic  wave propagation. The problem has two time scales: the 
duration of the rupture, which is proportional to the distance  the crack propagates, and the period of the 
acoustic resonance of the fluid, which is a function  of the length of the crack and the acoustic  velocity  in the 
fluid. For a small extension of a long crack containing  a fluid of low bulk modulus, these time scales are 
markedly different. The initial motion of the walls near the propagating crack tip is directed 

outward,  so the radiated first motion is compressive  everywhere. The increase of the crack tip volume, 
however, induces a pressure drop in the fluid which propagates over the length of the crack with the velocity 
of the acoustic  wave, causing a partial collapse  of the wall radiated as a long-period dilatation.  The dilatation 
following the short compressional  first arrival is well marked in the vicinity of the crack plane, and for a 
buried vertical crack it is a conspicuous feature of the near -field vertical ground motion close to the crack 
trace. These properties of the signal suggest  that first motion studies of this frequency-dependent source 
may be delicate without broadband  instruments. Inhomogeneous  waves propagating at the liquid -solid 
interface produce high-frequency vibrations  which are observed  only in the immediate vicinity of the crack. 
The source duration depends strongly  on the fluid viscosity and associated  viscous damping  at the crack 
wall; damping  of the motion by the radiation  of elastic waves is a comparatively  small effect. 
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Abstract  Geodetic  and seismic  data collected  between  July 1982 and August 1983 document  an important event in 
the recent evolution of Long Valley caldera. In January 1983 a substantial change in the pattern of 
deformation was associated  with the most intense seismic swarm since May 1980. The earthquake 
hypocenters of the January 1983 swarm formed a vertical, roughly tabular zone beneath the south moat of 
the caldera. Analysis of extensive intracaldera  horizontal  control data indicates  that the shear strain 
distributed  throughout this zone could not all be attributed  to slip along any single fault plane. The surface 
deformation of the resurgent  dome and caldera floor is temporally  associated  with the swarm and was 
caused by an expansion  of the upper levels of the residual  magma chamber; analysis of the 1983 data 
indicates  a pressure distribution 2-5 km shallower  than could be fit by analysis of the 1979-1982 caldera 
deformation. The volume of this shallow expansion is 10-15% of the whole chamber expansion  that occurred  
between  1979 and 1982.  Most of the 1983 deformation occurred between  December  14, 1982, and  
January 20, 
1983,  and thus was associated  with the January 6-7, 1983, swarm, though right-lateral shear strain 
continued  to accumulate in the south moat through 1983. We conclude  that a shallow pressure increase 
probably  occurred within the upper levels of the residual  magma chamber of Long Valley caldera during 
the 5-week period following December  14, 1982. It is not clear, however, whether this pressure increase 
preceded  or accompanied  the January 1983 earthquake swarm. 
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Abstract The present -day geothermal system underlying  the southern one third of the Long Valley 

caldera  is discussed,  based on interpretation  of the complex shapes of temperature-depth curves and the 
correlation of this interpretation  with hydrologic  and geologic data. The temperature-depth curves are 
interpreted  using a simple analytical model for transient  flow of hot water in a confined aquifer. The results 
give information on the transient  nature of the geothermal system operating  in the Long Valley caldera and 
on the application  of the analytical model to a complex geothermal system. At the present time there is 
major west- east flow of hot fluid in two aquifers.  The first aquifer occurs at a depth of 20-120 m. The aquifer 
is charged with water at a temperature greater than 175 degrees C west of Casa Diablo Hot Springs which 
then flows eastward at a velocity  of the order of 100 -200 m/yr to exit in the hot springs along Hot Creek and 
at the edge of Lake Crowley. Temperatures systematically decrease eastward in the shallow  aquifer. In order 
to interpret  the temperature data in Long Valley caldera a model of the thermal effects of flow in a shallow 
aquifer is discussed,  and the results are found to be consistent  with geologic and hydrologic information. The 
shapes of inversions  of temperature versus depth curves indicate that the age of this aquifer ranges 
between 50 and 700 years; the best estimate  is 500 -700 years. The initiation  of hot water flow in the 
shallow  aquifer coincides  with extrusive  activity associated with the Mono/Inyo craters chain of rhyolitic 
centers, which was active over a linear distance of about 40 km during the period 500 -600 years ago. A 
second aquifer occurs just below the top of the Bishop Tuff at a depth of approximately  700 m in hole 
Mammoth 1. Less is known about the flow velocity  and other characteristics  of this aquifer. Modeling of the 
temperature-depth curve in Mammoth  1 suggests that this aquifer is of the order of 3000 years old. 
Temperatures associated  with both aquifers are evidence  for transient  events which caused a sudden input 
of hot water along the west side of the caldera into an existing geothermal system that was circulating  at 
temperatures below 120 degrees C. Apparently,  previous to the input of hot water into these aquifers, the 
geothermal system in the caldera was in a waning phase. The waning of the system may have been due to 
loss of porosity  and permeability by mineral deposition  in the circulation  pathways  and/or cooling of the 
caldera and subjacent  intrusive rocks and a consequent  decrease  in the thermal drive. There is no evidence 
at the present time of a large-scale, high-temperature geothermal  system associated  with the magma 
chamber identified  by seismic studies beneath the resurgent dome. Whether  the high temperatures in the 
current geothermal system reflect cooling of magma  associated  with Mono/Inyo craters or merely fracturing 
and reconnection of a preexisting source of hot water to the shallow  subsurface  is not known. Although  the 
direction of flow of hot water is from west to east, deep temperature data suggest  return flow of cold water 
from east to west in the lower half of the caldera fill (in the eastern part of the caldera at least). The velocity 
of this return flow is probably  of the order of a meter per year, or two orders of magnitude below the velocity 
of flow in the shallow  aquifers. 
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Abstract  Long Valley Caldera  is a 0.7 m.y. old volcanic eruptive center associated  with an elliptical collapse 

structure on the eastern margin of the Sierra Nevada. Two-dimensional models of caldera fill are presented 
in this study resulting  in structures  compatible with existing seismic refraction  and gravity data. 
Modifications  to previous seismic  models include shifting the north caldera rim to the south and decreasing 
the dip of the west and south boundaries. Densities  in the model are not varied independently but are based 
on empirical velocity -density  relationships  and measured  densities  from surface outcrops  and drill cores. 
These density values are adequate  to account  for observed  gravity anomalies, indicating that the assumed 
subsurface  lithologies are approximately  correct. The large gravity anomaly  in the shallow  eastern caldera 
is modeled  by assuming that the area is underlain  by a layer of exceptionally  low density. 
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Abstract  Volcano monitoring and volcanic-hazards studies have received greatly increased  attention in the United 
States in the past few years. Before 1980, the Volcanic Hazards Program  was primarily focused  on the active 
volcanoes  of Kilauea  and Mauna Loa, Hawaii, which have been monitored  continuously since 1912 by the 
Hawaiian  Volcano Observatory. After the reawakening and catastrophic eruption of Mount St. Helens in 1980, 
the program was substantially expanded  as the government and general public became aware of the potential 
for eruptions  and associated hazards within the conterminous  United States. Integrated components of the 
expanded  program include: volcanic-hazards  assessment; volcano monitoring; fundamental  research;  and, in 
concert with federal, state, and local authorities, emergency-response planning. In 1980 the David A. 
Johnston Cascades  Volcano Observatory was established  in Vancouver, Washington, to systematically monitor  
the continuing activity of Mount St. Helens, and to acquire baseline data for monitoring the other, presently 
quiescent,  but potentially  dangerous  Cascade volcanoes  in the Pacific Northwest.  Since June 1980, all of the 
eruptions  of Mount St. Helens have been predicted  successfully on the basis of seismic  and geodetic  
monitoring. The largest volcanic eruptions,  but the least probable statistically, that pose a threat to western 
conterminous  United States are those from the large Pleistocene -Holocene  volcanic systems,  such as Long  
Valley caldera (California) and Yellowstone caldera (Wyoming), which are underlain  by large magma chambers 
still potentially  capable  of producing  catastrophic caldera-forming eruptions.  In order to become better prepared  
for possible  future hazards associated with such historically  unprecedented events, detailed studies of these,  
and similar, large volcanic systems  should be intensified  to gain better insight into caldera- forming processes  
and to recognize,  if possible, the precursors  of caldera-forming eruptions. 
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Abstract  Recordings  of 281 small earthquakes  which occurred recently near the southern edge of Long Valley 

caldera at depths from 1 to 15 km are used to map the subsurface  geometry  of shear wave attenuating 
bodies in the caldera. Signatures  of these events recorded northwest, north, northeast,  and east of Long 
Valley with ray paths through the caldera are 

often anomalous  in that S wave arrivals have very low amplitudes, and high frequency  P and S wave energy 
is missing for the same station-event combinations.  The volcanic and geothermal history of the region 
suggests  that ray paths for these anomalous  signals have passed through magma  which absorbed  much of 
the S wave energy and also attenuated  the higher frequencies. With over 1200 normal and anomalous  ray 
paths through the caldera we have located two apparently massive  magma  bodies in the central and 
northwest  caldera as well as two more dispersed magma  areas in the southern caldera and beneath Crowley 
Lake. The central magma  body extends  from 4.5 to at least 13 km beneath the surface, and the northwest  
body is as shallow  as 5.5 km. These two magma  bodies are probably connected below about 8 km. 
Secondary  arrivals seen on select seismograms  are tentatively interpreted  as reverberations  inside the central 
magma chamber and are consistent with the interpreted  lateral extent of the magma. The northwest 
and central magma bodies lie beneath the northwest  and southeast  corners  of the caldera's resurgent dome 
and probably  connect  beneath the dome's center. Also the shallower  parts of these magma bodies and the 
southern anomalous  area lie beneath the surface expression of the medial graben faults suggesting that 
structural  features seen at the surface of the valley may be related to magma  location at depth. 
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Abstract  The Long Valley/Mono Basin volcanic complex in eastern California  is one of the few major silicic caldera 
systems  in western  North America  which have exhibited  volcanic activity so recently that they may still be 
potentially  active. Whereas,  in principle,  magnetotelluric measurements offer a significant opportunity to study 
such systems  through mapping subsurface electrical  features associated  with hydrothermal  and magmatic 
processes  in the crust, our studies in this area indicate that such techniques are profoundly affected by the 
highly three-dimensional  structures  associated  with these complicated  volcanic terranes.  We argue that while 
simple plane-layered (one -dimensional)  interpretations  are likely to be misleading in such a complicated  three- 
dimensional environment, magnetotelluric  observations can delineate important  physical features associated 
with caldera structures; in particular, the method can closely determine  the location and magnitude of major 
boundary faults. Because of the high resistivity  contrast between  basin fill and crystalline  basement,  these 
techniques are very useful for characterizing  the subsurface  hydrologie  regime as well. In addition, sites have 
been occupied  in the southwest  moat of Long Valley caldera, an area that is currently  exhibiting  a variety of 
tectonic activity. Both the telluric field and magnetic induction  arrows imply the presence of a structurally 
controlled  east-west electric current system at relatively  shallow  depth in the crust. This elongated east-west 
zone is aligned along the belt of recent seismic  activity in the southwest  moat, a zone of seismic shear 
wave attenuation, and a zone of known hydrothermal  alteration  at the surface. Finally, we summarize 
observations  from the vicinity of Pumice Valley (adjacent  to Mono Craters) which has been thought to be an 
active incipient  caldera. Since our present data do not indicate an observable  decrease  in resistivity  at 
shallow depths beneath the valley, we are led to conclude  that the parent magma  body feeding Mono 
Craters  (and perhaps Inyo domes) is either too thin or too deep to be resolved  or is significantly displaced 
from a position beneath the center of the inferred ring fractures. 
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Abstract Mercury anomalies  in soils in geothermal areas form as a result of vapor transport. 
Comparison  of the Hg distribution measured  in 1975, and again in 1982, indicates  that a new Hg anomaly 
formed in the Inyo crater zone in the intervening  period. Two models can explain this new anomaly: (1) 
geothermal water has reached shallow  levels as a result of increased permeability created  by seismic 
activity, or (2) addition  of a CO (sub 2) -rich, magnetic vapor to the geothermal system at depth caused 
vapor  exsolution  in zones where it did not occur before. If the Hg anomaly  in the Inyo crater zone is related 
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Abstract During August 1982, a dense network  of 14 seismic  stations was deployed.  Ten sites used three 
component seismometers,  and all sites used digital event recorders  sampling  at 200 samples/s with an array 
trigger criterion to reject local noise and to ensure accurate  relative timing. Hypocenters, station corrections, and 
velocity  structure were simultaneously  determined using all this data. The analysis concentrated  on a swarm of 
earthquakes  which occurred during August 9, along a vertical plane which was tangent to the resurgent  dome. 
The events occurred along a 0.5 km segment  of the plane between depths of 2.5 to 3.5 km. Additional events 
occurred to depths of 9 km. but not directly beneath the swarm: the deeper events are located from 0.5 to 1.0 
km from the swarm epicenters.  The configuration suggests intrusion of magma  or volatiles: the shallow swarm 
was above the intrusion; the deeper events occurred along the perimeter of the upwelling.  Focal mechanisms of 
events with the swarm support  this interpretation,  and indicate that the tensional  axis is perpendicular to the plane 
of seismicity.--Modified author abstract. 
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Abstract     One hundred and ninety -two small earthquakes are used to map subsurface geometry. 

Seismograms  of these events are often anomalous in that S -wave arrivals are absent and high frequency P 
-wave energy is missing. These anomalous ray paths intersect in an area of the south-central caldera which 
appears to be a region of molten or partially molten rock. This magma body lies between about 4 1/2 and 
at least 13 km depth and is 10 km long by 5 km wide beneath 7 km.--Modified journal abstract. 
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mechanisms which are determined on the basis of the local short-period first motions and those determined 
by modeling of long-period regional and teleseismic waveforms. The short-period solutions are left -lateral 
strike-slip on north-striking, near vertical planes. The long-periods invariably require a much more moderately  
dipping fault plane with a significant dip -slip (normal) component. Persistence of disagreements between 

short- and long-period polarities to teleseismic distances suggests that the source -time functions are 
complicated and may be responsible for at least part of the discrepancy. In addition, there seems to be a 
systematic difference between local short-period polarities and teleseismic long-period polarities that is 
related to travel paths across portions of Long Valley Caldera. It is possible that a low velocity zone related 
to recent magmatic activity is causing the deflection of local seismic rays, thus distorting the fault plane 
projection.-- Journal abstract. 
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about 2-3 Hz. Earthquakes east of the Hilton Creek fault and southeast of the caldera have normal P - and S 
-wave signatures at the same stations. These effects are explained by propagation through a magma 
chamber in the south-central part of Long Valley caldera, at depth greater than 7-8 km. 
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tracing indicates that low -velocity material exists beneath the caldera at depths greater than 7 km and less 
than 40 km, probably less than 25 km. The velocity contrast with normal crust must be at least 5% to satisfy 
the data and is probably in the range 10-15%. We believe that the low velocity indicates anomalously hot rock 
at depth and that relative teleseismic P residuals may be useful for investigation of sources of geothermal 
energy. 
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of seismic waves emerging in Long Valley was less than expected, indicating that 
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274 mgal in Long Valley. Gravity lows in the W. and S. parts of the San Joaquin Valley and over local basins S. 
and E. of the Sierra Nevada are produced by large thicknesses of Upper Cretaceous and Cenozoic deposits. A 
large regional gravity low over the Sierra Nevada can be explained by isostatic compensation of the range 
together with the effect of the relatively low -density rocks of the Sierra Nevada batholith. A broad gravity ridge 
along the E. side of the San Joaquin Valley shows excellent correlation with a similar magnetic ridge where the 
2 sets of data are available, suggesting that both anomalies are caused by a dense, magnetic mass buried at 
an estimated depth of 5-10 mi. Seismic refraction measurements  further indicate that the thickness of the 
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gravity highs are associated with roof pendants of metavolcanic rocks which extend down into the Sierra 
Nevada batholith to depths of more than 2 km. The variation in the regional Bouguer gravity values of about 
160 mgal. can be explained by a thickening of the earth's crust from 35 to 52 km. beneath the central sierra 
Nevada, combined with an eastward decrease in the density of the Sierra Nevada batholith from 2.76 to 2.64 
g./cm. (super 3) . Gravity data support Romney's conclusion, based on seismic evidence, that a local mountain 
root exists under the central and southern parts of the Sierra Nevada and not under the lower northern part, in 
general accordance with regional isostasy. 



Long Valley Caldera, California

277

 

 

 
 

Publication Year   1961 
 

Publication Type   Serial; Analytic 
 

Accession  Number   1961-011248 
 
 
 

353. Database   GeoRef 
 

Title     Earthquake relocations  and  stress  inversions  in the Long Valley  
Caldera, California 

 
Author Prejean, Stephanie G; Ellsworth, William L; Waldhauser, Felix; Zoback, Mark D 

 
Affiliation Stanford  University, Department  of Geophysics,  Stanford, CA, United States (USA) 

 
Affiliation U. S. Geological  Survey, United States (USA) 

 
Author Anonymous 

 
Source Eos, Transactions,  American  Geophysical  Union, vol.81, no.48, Suppl., pp.1323, 28 Nov 2000 

 
Publisher American  Geophysical  Union, Washington, DC, United States (USA) 

 
Publication  Year   2000 

 
Publication  Type   Serial; Conference document; Analytic; Abstract  only 

 
Accession  Number    2003-073909 

 
 
 

354. Database   GeoRef 
 

Title     Role of static stress transfer in earthquake -magmatic interactions at Long 
 

Valley Caldera, eastern California, 1978-2000 
 

Author Thatcher, Wayne R 
 

Affiliation U. S. Geological  Survey, Menlo Park, CA, United States (USA) 
 

Author Anonymous 
 

Source Eos, Transactions,  American  Geophysical  Union, vol.81, no.48, Suppl., pp.1384-1385,  28 Nov 2000 
 

 
Publisher American  Geophysical  Union, Washington, DC, United States (USA) 

 
Publication  Year   2000 

 
Publication  Type   Serial; Conference document; Analytic; Abstract  only 

 
Accession  Number    2003-074121 

 
 
 

355. Database   GeoRef 
 

Title     Earthquake swarms  and  accompanying  phenomena in intraplate  regions;   
a review 

 
Author     Spicak, Ales 

 
Affiliation     Academy of Sciences of the Czech Republic, Geophysical Institute, Prague, Czech Republic (CZE) 

 
Source     Studia Geophysica et Geodetica, vol.44, no.2, pp.89 -106, 2000 

 
Resource Location   http://www.springerlink. com/ (gei43545lhkbqafqptkgoqfy)/ app/ home/journal.asp?refe 

rrer=parent&backto=linkingpublicationresults,1:109194,1 
 

Publisher     Academy of Sciences of the Czech Republic, Geophysical Institute, Prague, Czech Republic (CZE) 
 

Abstract     The western part of the Bohemian Massif has played an exceptional role in recent 



Long Valley Caldera, California

278

 

 

 
 

geodynamic activity of the region. It is characterised  by repeated occurrences of 
earthquake swarms and by other manifestations of deep tectonic processes (CO (sub 2) 
emissions, anomalous (super 3) He content, mineral waters, mofettes, etc.). The purpose of 
this paper is to introduce some other intraplate regions with earthquake swarm occurrence 
(French Massif Central; Colli Albani and Vulsini Mts., central Italy; Southern Apennines, 
Italy; the Danville and Long Valley regions, California; central Arkansas), and with 
artificially induced earthquake swarms (Larderello, Italy, geothermal field; Coso, California, 
geothermal field; NE Bavaria, Germany, deep drilling project). Although these areas 
represent different tectonic environments, the manifestations of recent geodynamic and/or 
man-made activity are similar in many aspects. This coincidence most probably issues 
from a common cause of both tectonic and artificially induced earthquake swarms 
- intrusions/injections  of fluids. the regions with earthquake swarm occurrence of tectonic 
origin are situated as a rule in the close neighbourhood of Quaternary volcanoes, the 
intruding fluids seem to be derived from magma recently transported to upper crustal 
layers. 
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Abstract  Because of the strong interest in the magmatism and volcanism at Long Valley caldera, 

eastern California,  and because of recent significant  improvements  in our knowledge  of the 
caldera velocity  structure and earthquake locations, I have reanalyzed  the local-earthquake S 
-to -P amplitude -ratio data of Sanders (1984) for the gross three-dimensional attenuation 
structure of the upper 10 km of Long Valley caldera. The primary goals of the analysis are 
to provide more accurate constraints on the depths of the attenuation anomalies  using 
improved knowledge  of the ray locations  and an objective inversion  procedure.  The new 
image of the high S wave attenuation anomaly  in the west-central caldera suggests  that the 
top of the principal anomaly  is at 7-km depth, which is 2 km deeper than previously 
determined. Because of poor resolution in much of the region, some of the data remain 
unsatisfied by the final attenuation model. This unmodeled data may imply unresolved 
attenuation anomalies, perhaps small anomalies  in the kilometer or two just above the 

 
central -caldera anomaly  and perhaps a larger anomaly  at about 7-km depth in the 
northwest caldera or somewhere beneath the Mono Craters. The central -caldera S wave 
attenuation  anomaly has a location similar to mapped regions of low teleseismic P wave 
velocity, crustal inflation, reduced density, and aseismicity,  strongly  suggesting magmatic 
association.  Copyright 1993 by the American  Geophysical  Union. 
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Title     Hydrologic events related to earthquakes in Long Valley Caldera, California 
 

Author Armstrong, Denise L 
 

Abstract  The Long Valley caldera in Eastern California  is the site of recent volcanic and tectonic unrest. To better understand and 
predict this unrest, water level data collected  between 1989 and 1990 from two observation wells (CH 10B and LKT) were 
studied to determine  if aseismic precursory  strain was recorded  in the water levels. Hydrographs from the two wells were 
compared  with seismic  events, barometric pressure,  rainfall, and runoff, and in CH 10B's case, flow rate data from the near by 
Casa Diablo Geothermal  Power Plant. Water level data from CH 10B showed a number of inconsistencies  and was difficult to 
interpret,  probably  in part because its shallow depth made it more susceptible to surface processes.  Water levels from well LKT 
showed no precursory  anomalies, however, the water levels did respond coseismically to large earthquakes  as distant as 450 km, 
but not to small local events. These data show that it is extremely  difficult using water levels in wells to predict earthquakes. 
Though some workers  believe they have detected 
precursory  signals in water level data from other parts of the world, none have been able to predict consistently  the location, 
size, and timing of a future earthquake. 
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Abstract  In late 1994, a small high density seismic  array was deployed in Long Valley Caldera, CA. Its purpose was to better constrain 

the locations of the shallow  microseismicity  associated with the active hydrothermal  system in the caldera. The array was able 
to record a number of small earthquakes  that were not recorded  by the US Geological  Survey's (USGS) regional network. The 
earthquakes' small size and proximity  to the array indicates  that they may be related to near -surface processes,  and this 
suggests  that small, 
high-density arrays may indeed prove valuable in describing  such processes.  However, the correlation between microseismicity 
and hydrothermal circulation  proved weak for a number of reasons,  including  one or more of the following hypotheses: 1) the 
significant hydrothermal plumbing system may have been too far away from the array, 2) microseismicity  does not play a 
fundamental  role in the dynamics of the hydrothermal  system or 3) the water levels from the hydrologic  monitoring well did not 
reflect the changes  in the hydrothermal system that the seismic  array was recording.  Earthquakes  not correlated  with the USGS 
were all located within 4 km of the array which suggests  that the array has a limited range of detection for these very small events.  
Earthquakes  that were correlated with the USGS were significantly  larger, and most were consistent  with activity on the Hilton 
Creek fault, the Mammoth Embayment 
or fluid movement from the west moat toward Lake Crowley. 
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Abstract     The relationship of volcanoes to regional tectonic setting and earthquake dynamics is intimate. We know that eruptions are often triggered by 

earthquakes, and that volcanoes generally lie along or near major faults or within faulted provinces. It has been generally found that bimodal 
basaltic-rhyolitic volcanism is associated with extensional settings, presumably because of the creation of accommodating space. For 
intermediate arc volcanoes, tectonic settings are generally compressional or transpressional. The spatial pattern of faulting indicates that Long 
Valley was focussed by a releasing bend in the transtensional,  Sierran range-front fault 
system. The temporal pattern of offset rates suggests that the zone of greatest activity has migrated to the NW through time, and is now 
focussed at the Mono -Inyo Craters. The southern Mexican volcanic arc presents an example of the coexistence of regional compressional and 
transpressional  structures with volcanoes. On an event basis, slip on regional structures creates opportunities for magma movement and 
eruption, in a type of dynamic fault pumping of fluids. Both kinematically and dynamically, volcanic activity may be completely dependent on 
tectonic factors for accumulation,  storage and eruption of magma. 
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Abstract     The Yellowstone hotspot is generally interpreted to have resulted from a mantle plume that initiated beneath the Idaho -Oregon - Nevada region at 
approximately 18 Ma. We explore an alternative model in which the initiation of Yellowstone magmatism is a result of lithospheric-scale processes -- 
transtensional reactivation of the western Idaho shear zone -- rather than a mantle plume. This model is based on both spatial and temporal 
correlations with deformation in the U.S. West. The first-order observation is that 
hotspot-related magmatism occurs as a linear N-S feature, which exploits the mantle portion of the inactive western Idaho shear zone and a deep 
crustal feature along the future Northern Nevada rift. The location for initiation of the McDermitt caldera, the interpreted initiation site of the 
Yellowstone hotspot, is spatially coincident with the southernmost known extent of the western Idaho shear zone 
in the lithospheric mantle. In contrast, the feeder zones of the voluminous magmatism of the Columbia River basalts intruded farther north, 
facilitated by the better-developed fabrics of the northern segment of the western Idaho shear zone. The timing of initial Yellowstone magmatism 
and Columbia River basalts is coincident with the coupling of western California and the North American plate to the Pacific plate. The kinematics 
of this coupling suggest oblique divergence and transtensional deformation. Previous numerical modeling of vertical fabrics in the lithospheric 
mantle show preferential reactivation by transtensional deformation. Thus, the mantle lithosphere rather than deeper portions of the mantle appears 
to exert a fundamental control on the initiation of the Yellowstone hotspot. 
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Abstract     From the late Miocene to the middle Pliocene, the current drainage basin of the Owens River probably consisted of a broad, 
moderate-elevation, low -relief plateau with radiating drainage toward the Pacific Ocean, the northwestern Great Basin (now Lahontan drainages), 
and the Mojave and Colorado drainages. This plateau probably contained shallow basins, created by an extensional 
pulse at 12-11 Ma, at the present locations of major valleys. Between 4 and 3 Ma, this plateau was disrupted by a rapid westward step of 
extensional Basin and Range Province tectonism, which reactivated the Miocene faults and resulted in a linear north-south valley (the Owens 
Valley) with high mountain ranges on each side. This tectonic event resulted in geographic isolation and fragmentation of aquatic habitats and may 
have been a critical driver for speciation of aquatic organisms. Subsequent to this remarkable transformation of the landscape, the predominant  
influence on aquatic habitats has been very large, climate -driven fluctuations in the regional water balance that have resulted in the repeated  
interconnection  and disconnection of the various basins that make up the paleo-Owens system. The magnitude of these fluctuations appears to 
have increased markedly since the early Pleistocene. Searles Lake has generally been the terminus of the Owens River, but at least once,  probably  
at ca. 150 and/or ca. 70 ka, the system overflowed into Death Valley. During the last interglacial (marine isotope stage 5) and the Holocene, 
Owens Lake has been the terminus, but apparently not frequently before. These very large fluctuations in the water balance undoubtedly  produced 
large shifts in the nature and distribution of aquatic habitats over geologically short periods of time, as well as repeatedly creating and severing 
connections between various parts of the larger drainage basin. This dynamic hydrological system provided the setting, and no doubt much of the 
impetus, for speciation, extinction, and distribution of aquatic species within the paleo-Owens system, but any paleohydrological causes will have to 
be extracted from a complex history. 



Long Valley Caldera, California

284

 

 

 
 

Country of Publication   United States (USA) 
 

Accession  Number   2008-111786 
 
 

6. Database   GeoRef 
 

Title     Ground deformation of Long Valley Caldera and Mono Basin, eastern California, mapped by satellite radar 
interferometry 

 
Author     Tizzani, P ;  Berardino, P ;  Casu, F; Euillades, P ;  Manzo, M; Ricciardi, G P ;  Zeni, G; Lanari, R 

 
Affiliation     National Research Council, Istituto per il Rilevamento Elettromagnetico  dell'Ambiente, Naples, Italy (ITA) 

 
Affiliation     Universita di Cagliari, Italy (ITA); Universidad Nac de Cuyo, Argentina (ARG); Universita della Basilicata, Italy (ITA); Istituto Nazionale di 

Geofisica e Vulcanologia, Italy (ITA) 
 

Source     International Journal of Remote Sensing, vol. 29, no. 1-2, pp.439-441, Jan 2008 
 

Resource Location   http://www.tandf.co.uk/journals/ titles/01431161.asp 
 

Publisher     Taylor & Francis, London, United Kingdom (GBR) 
 

Publication Year   2008 
 

Publication Type   Serial; Analytic 
 

Country of Publication   United Kingdom (GBR) 
 

Accession  Number   2009-073976 
 
 

7. Database   GeoRef 
 

Title     Active geothermal systems and Pliocene and younger gold deposits of the Great Basin, USA; regional controls 
and selenium concentrations as a clue to ore environment 

Author     Coolbaugh, Mark F; Arehart, Greg B ;  Faulds, James E ;  Vikre, Peter G; John, David A 
 

Affiliation     AuEx Ventures, Reno, NV, United States (USA) 
 

Affiliation     University of Nevada, Reno, United States (USA); Nevada Bureau of Mines and Geology, United States (USA); U. S. Geological 
Survey, United States (USA) 

 
Monograph  Title   Geological Society of America, 2007 annual meeting 

 
Author     Anonymous 

 
Source     Abstracts with Programs - Geological Society of America, vol. 39, no. 6, pp.197, Oct 2007 

 
Publisher     Geological Society of America (GSA), Boulder, CO, United States (USA) 

 
Abstract     Pliocene and younger Au deposits in the Great Basin, USA contain >10 Moz Au. Many of these deposits occur near active geothermal 

systems with >180 degrees C fluids, suggesting that subsurface Au deposition may be continuing today at some 
locations. The young Au deposits and geothermal systems can be classed as either magmatically heated or amagmatic depending on whether there  
is evidence of coeval silicic magmatism. The magmatically heated deposits and systems (e.g., Long Valley caldera, CA; Roosevelt, UT) are limited  
to the margins of the Great Basin whereas young amagmatic Au deposits (e.g., Sulphur (Crofoot- Lewis) and Florida Canyon, NV) and systems,  
currently producing >100 megawatts electricity, cluster in NW Nevada. Amagmatic epithermal Au deposits and electricity -producing amagmatic  
geothermal systems are scarce globally, and their abundance in NW NV is attributed to a combination of high heat flow and active transtensional  
tectonics. The greatest concentration  of such deposits/systems is found where strike-slip faulting of the Walker Lane splays outward into NE-striking 
extensional faults in the Great Basin interior. Individual deposits and systems formed in structurally complex zones that facilitate deep fluid  
circulation, such as en echelon step-overs in normal faults, pull-apart blocks, and boundaries between zones of opposite-dipping normal faults. In 
such environments, Au mineralization  and geothermal fluid flow preferentially occur along structures oriented approximately orthogonal to the current  
crustal extension direction. Compared to magmatically heated systems, the amagmatic geothermal systems have lower fluid concentrations  of As, 
Li, B, and Cs, lower 3He/4He ratios, and lower overall vertical temperature gradients. The related young Au deposits are of the shallow hot-springs 
type, with steam-heated advanced argillic alteration, adularia, marcasite, cinnabar, native sulfur, and high concentrations  of Sb and As. Limited data 
indicates that some young amagmatic gold systems have high Se concentrations, similar to many Miocene epithermal Au deposits in NV. High ratios  
of Se/Ag suggest that, in contrast to the Miocene deposits, Ag minerals may not be the major host of Se. Differences in the level of exposure of the 
Pliocene vs. Miocene Au deposits may explain host mineral differences. 
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Abstract     The evolution of fault slip through time may yield insight into the geodynamics of deforming lithosphere. Precise determination of temporal variations  
in fault slip is often hindered, however, by a dearth of markers of varying age from which to reconstruct fault slip. Here we determine slip rates 
across the White Mountain Fault Zone over the past ca. 0.8 Ma from displaced alluvial deposits preserved along the flank of the White Mountains. 
Displacement histories inferred from deposits containing the approximately 760 ka Bishop Tuff contrast strongly with those inferred from Late 
Pleistocene alluvial fans dated by cosmogenic (super 36) Cl, indicating that the fault has experienced significant temporal variations in slip rate.  
Oblique-slip rates over the past approximately 760 ky are determined to have been >0.9 m/ky parallel to a net slip vector plunging shallowly (<20 
degrees ) toward 340 degrees -350 degrees . Displacement of markers in Late Pleistocene alluvial deposits, in contrast, yield slip rates between 0.3 
and 0.4 m/ky parallel to a vector plunging somewhat more steeply (20 degrees -40 degrees ) toward 320 degrees -340 degrees . These variations  in 
slip rate appear to have operated over timescales >ca. 70 ky, yet occurred on a well-established fault system. Moreover, the timing and magnitude of 
slip rate variation mimics behavior documented for the northern Fish Lake Valley fault zone. Together, our data provide evidence for coordinated  slip 
rate variations across the Eastern California Shear Zone during the Pleistocene. 

 
Publication Year   2006 

 
Publication Type   Serial; Analytic 

 
Country of Publication   Netherlands (NLD) 

 
Accession  Number   2008-016313 

 
 

11. Database   GeoRef 
 

Title     Improving earthquake locations in Northern California using waveform based differential time measurements 

Author     Waldhauser, Felix (investigator); Schaff, David (investigator) 
 

Affiliation     Lamont -Doherty Earth Observatory, Palisades, NY, United States (USA) 
 

Corporate  Author   Lamont -Doherty Earth Observatory, Palisades, NY, United States, performer (USA) 
 

Abstract     We relocated the earthquake catalog of the Northern California Seismic Network (NCSN), using a recently computed comprehensive database 
of cross-correlation differential times for earthquakes between 1984-2003. The correlation data base includes 
approximately  3 billion P -and S -wave differential times that are calculated from pairs of waveforms recorded at common stations with cross 
correlation coefficients of 0.7 or greater, for events separated by less than 5 km. The cross-correlation data is combined with differential times 
computed from NCSN phase picks to relocate the hypocenters with the double -difference algorithm. All event pairs with at least 6 pair -wise 
observed phases are relocated (311,273 events). The relocated catalog has a root mean square (RMS) of 
the weighted pick based differential-time residuals of 0.017 s, compared to 0.124 s before relocation. The weighted RMS of the cross-correlation 
data is 0.004 s after relocation. Location precisions range from tens to hundreds of meter. The double -difference locations reveal a focused view 
of the complex distribution of seismicity in northern California. Discrete faults are imaged with unprecedented detail in tectonic regions as diverse 
as the San Andreas Fault system (SAF), the Mendocino Triple Junction (MTJ), the Long Valley Caldera (LVC), and the region of induced 
earthquakes at the Geysers Geothermal Field (GGF). We find that 90% of the earthquakes have correlated P - and S -wave trains at common 
stations. The occurrence of correlated earthquakes is widespread across northern California with some of the highest concentrations  being 
observed along the transform faults within the SAF system, 
in the LVC region, at the GGF, and at the MTJ, indicating the general applicability of these methods to improve hypocenter locations. Using 
repeating earthquakes we find that, at the 95% confidence level, network locations are mislocated on average by 0.7 km horizontally, and 2 km 
vertically. This study shows that consistent long-term seismic monitoring practices and data archiving policies, as is the case at the Northern 
California Seismic Network, are key to improve catalogued hypocenters obtained from standard single- event location methods using phase picks, 
and to determine accurate location of future events within the framework of earthquake monitoring. 
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Abstract     To better understand the connection between earthquake production and geothermal/magmatic systems, we studied the extent of fluid - influenced  
faulting in the Long Valley volcanic region. We focused on a 100 -km-wide circular area centered at the Long Valley caldera that also 
encompassed the Mono -Inyo Craters to the north and the Sierra Nevada Mountain block to the south. We performed a comprehensive search for 
events greater than M 3.5 since 1993 with significant coseismic volume changes in their 
source region. Using three-component broadband digital waveforms at regional distances, we solved for four different source models: 

double couple (DC), deviatoric DC + isotropic, and full moment tensor. Using the F-test as a statistical aid, we determined which of the four models  
was most appropriate for each event. We then conducted stability tests to determine the robustness of the focal mechanism solutions and isotropic  
components. Our results show that fluid -influenced earthquakes in the magnitude range studied are quite rare in the Long Valley volcanic region.  
Of 33 high-quality events, 28 are best characterized  by a simple DC source model, 
4 by a DC + isotropic source model, and 1 by a full moment tensor model. 
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Abstract     Long Valley Caldera and the Mono -Inyo Domes volcanic field in eastern California lie in a left -stepping offset along the eastern escarpment 
of the Sierra Nevada, at the northern end of the Owens Valley and the western margin of the Basin and Range Province. Over the last 4 Ma, 
this volcanic field has produced multiple volcanic eruptions, including the caldera-forming eruption at 
760 000 a BP and the recent Mono -Inyo Domes eruptions 500 -660 a BP and 250 a BP. Beginning in the late 1970s, the caldera entered a 
sustained period of unrest that persisted through the end of the century without culminating in an eruption. The unrest has included recurring 
earthquake swarms; tumescence of the resurgent dome by nearly 80 cm; the onset of diffuse magmatic carbon dioxide emissions around the 
flanks of Mammoth Mountain on the southwest margin of the caldera; and other indicators of magma transport at mid- to upper-crustal depths. 
Although we have made substantial progress in understanding  the processes driving this unrest, many key questions remain, including the 
distribution, size, and relation between magma bodies within the mid-to -upper crust beneath the caldera. Mammoth Mountain, and the Inyo Mono 
volcanic chain, and how these magma bodies are connected to the roots of the magmatic system in the lower crust or upper mantle. 
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Abstract     We processed the complete digital seismogram database for northern California to measure accurate differential travel times for correlated 
earthquakes observed at common stations. Correlated earthquakes are earthquakes that occur within a few kilometers of one another and have 
similar focal mechanisms, thus generating similar waveforms, allowing measurements  to be made via cross- correlation analysis. The waveform 
database was obtained from the Northern California Earthquake Data Center and includes about 
15 million seismograms from 225,000 local earthquakes between 1984 and 2003. A total of 26 billion cross-correlation measurements were 
performed on a 32-node (64 processor) Linux cluster, using improved analysis tools. All event pairs with separation distances of 5 km or less were 
processed at all stations that recorded the pair. We computed a total of about 1.7 billion P - wave differential times from pairs of waveforms that had  
cross-correlation coefficients (CC) of 0.6 or larger. The P -wave differential times are often on the order of a factor of ten to a hundred times more 
accurate than those obtained from routinely picked phase onsets. 1.2 billion S -wave differential times were measured with CC> or =0.6, a phase 
not routinely picked at the Northern California Seismic Network because of the noise level of remaining P coda. We found that 
approximately 95% of the seismicity includes events that have cross-correlation coefficients of CC> or =0.7 with at least one other event recorded 
at four or more stations. At some stations more than 40% of the recorded events are similar at the CC> or =0.9 level, indicating the potential 
existence of large numbers of repeating earthquakes. Large numbers of correlated events occur in different tectonic regions, including the San 
Andreas Fault, Long Valley caldera, Geysers geothermal field and Mendocino triple junction. Future research using these data may substantially 
improve earthquake locations and add insight into the velocity structure in the crust. 
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Abstract     World-wide, geothermal resources are most commonly associated with volcanic arcs (Indonesia, Japan, and Philippines) spreading centers 
(Salton Trough and East African Rift) and with hot spots (Hawaii, Iceland, Yellowstone).  Near the margins of the Basin and Range in the U. S. 
geothermal activity is commonly associated with young Volcanism (Long Valley and Coso volcanic fields). Additional production is associated 
with deep fluid circulation in the Basin and Range thought to be localized by recent faulting and the higher than average crustal heat flow in 
much of the Basin and Range. Geothermal energy is an important energy resource in 
Mexico  and the western United States. Commission Federal de Electricidad produces electricity at Cerro Prieto (just south of Imperial Valley, 
California), Los Azufres and Tres Virgenes. In the U. S. about 2020 MWe of electrical generation capacity is on-line in California (7 fields), Hawaii 
(1 field), Nevada (9 fields) and Utah (2 fields). At Meager Creek, British Columbia an electrical generation project is under development.  In 
general,  fluids with temperatures of greater than 150 degrees C are used to produce electricity, and above 30 degrees C are used for direct 
applications such as space heating, crop drying, aquaculture, etc. The U. S. Geological Survey has identified about 23,000 MWe of hydrothermal 
resources capable of electrical production in the U. S. Mexico is actively exploring for additional production in Baja California and the Central 
Mexico Volcanic Belt. Canadian activity is currently focused on Meager Mountain, British Columbia. 
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Abstract     Most of 26 small (0.4< or =M< or =3.1) microearthquakes  at Long Valley caldera in mid-1997, analyzed using data from a dense temporary 
network of 69 digital three-component seismometers,  have significantly non -double -couple focal mechanisms, inconsistent with simple shear 
faulting. We determined their mechanisms by inverting P - and S -wave polarities and amplitude ratios using linear-programming methods, and 
tracing rays through a three-dimensional Earth model derived using tomography. More than 
80% of the mechanisms have positive (volume increase) isotropic components and most have compensated  linear-vector dipole components with 
outward-directed major dipoles. The simplest interpretation of these mechanisms is combined shear and extensional faulting with a volume- 
compensating process, such as rapid flow of water, steam, or CO (sub 2) into opening tensile cracks. Source orientations of earthquakes in the 
south moat suggest extensional faulting on ESE -striking subvertical planes, an orientation consistent with planes defined by earthquake 
hypocenters. The focal mechanisms show that clearly defined hypocentral planes in different locations result from different source processes. 
One such plane in the eastern south moat is consistent with extensional faulting, while one near Casa Diablo Hot Springs reflects en echelon 
right-lateral shear faulting. Source orientations at Mammoth Mountain vary systematically with location, indicating that the volcano influences the 
local stress field. Events in a "spasmodic burst" at Mammoth Mountain have practically identical mechanisms that indicate nearly pure 
compensated  tensile failure and high fluid mobility. Five earthquakes had mechanisms involving small volume decreases, but these may not be 
significant. No mechanisms have volumetric moment fractions larger than that of a force dipole, but the reason for this fact is unknown. 
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Abstract     Transtension is the primary structural mechanism governing active deformation at the eastern margin of the Sierra Nevada Microplate. Analysis of 
this corridor clarifies the role of transtensional kinematics in the formation of discrete, seemingly heterogeneous, structural provinces within the 
Walker Lane-Eastern California Shear Zone (WL-ECSZ). Fault types and patterns are determined by the dominance of the coaxial vs. noncoaxial 
component of strain, derived from the geometry of the deformation zone boundary (zb, eastern Sierra) and transport direction (TD, of the 
Microplate). Rotation and associated size reduction of fault blocks in transtension explains the observed westward encroachment  of deformation in 
the eastern Sierra. The map-view instantaneous strain patterns predicted are demonstrated from N-S by the observed active normal and wrench 
fault arrays. The Honey Lake -Pyramid Lake domain has zb striking 310 degrees to 330 degrees , and TD of approximately 298 degrees , 
indicating noncoaxial strain dominance (Honey Lake, Warm Springs Faults), transitioning to coaxial dominance (Pyramid Lake, normal faults to the 
west). The Lake Tahoe region is coaxially dominated, as indicated by zb approximately 341 degrees and TD of 303 degrees . Predicted structures 
correspond  to the Genoa, Donner Pass, and other mapped and inferred faults. The Mono Lake -Long Valley province has zb 330 degrees and 
TD approximately 308 degrees , indicating a coaxially dominated system that corresponds to numerous normal faults across both basins, at 
their margins, and along the Sierran rangefront. The Owens Valley-Fish Lake Valley region has zb oriented 
344 degrees and TD varies 310 degrees to 314 degrees from N-S, respectively. Faulting north of Bishop is dominantly coaxial, whereas faulting 
in the central and southern regions is dominantly noncoaxial as indicated by the change in TD. In Coso -China Lake, zb is oriented 344 degrees 
and TD is 316 degrees , indicating a dominantly coaxial system with predicted structures similar to observed faults (Wild Horse Mesa, Coso Wash,  
Airport Lake, Little Lake). Active fault patterns in these distinct provinces present a snapshot of instantaneous transtensional strain. Local 
partitioning, in response to zone boundary variation by the inherent shape of the Sierra Nevada and systematic rotation of its transport direction, 
explains the variation in dominant structural deformational styles along the length of the WL-ECSZ. 
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Abstract     Except in the MOR environment, voluminous, high-temperature hydrothermal discharge is commonly associated with silicic volcanism and a 
shallow  regional water table (e.g. Yellowstone, Kamchatka, Taupo volcanic zone). In the Western U.S., hydrothermal heat discharge ranges up to 
6 GW (Yellowstone) and values in the 100 MW range are not uncommon (Long Valley, Lassen, Austin Hot Springs). Such large heat discharges 
likely imply mining of magmatic heat and, as pointed out by Clive Lister (1974), may require active fluid circulation near or within recently 
crystallized magma. The average hydrothermal heat discharge from some silicic magmatic systems is fairly constant on a multidecadal scale. For 
instance, measurements  at Yellowstone and Lassen suggest relatively steady heat discharge since the early 20th century. Large seasonal 
variations observed at some localities over the past 30 years are due mainly to interaction with the shallow, cold hydrologic system. Mining of heat 
from subaerial deposits (Katmai, Loowit Hot Springs at Mt. St. Helens) can temporarily generate comparably large (100s of MW) values of 
hydrothermal discharge, but pronounced declines in heat output are observed on decadal scales. Relative to silicic systems, focused basaltic 
magmatism can provide similarly large heat inputs (e.g. 5-6 GW at Kilauea), but depth to water table tends to be greater in basaltic terranes, and 
hydrothermal discharge tends to be weaker and less conspicuous (e.g. a maximum of approximately 1 GW of subaerial hydrothermal discharge at 
Kilauea, mainly as low -temperature,  dilute discharge near the coast). Andesitic arcs worldwide exhibit a range of length- normalized hydrothermal - 
discharge rates. The most important factors controlling hydrothermal discharge may be the rate of 
magmatic  heat input and depth to water table. In the central Oregon Cascade Range, perhaps the most active part of a relatively 
"weak" andesitic arc (intrusion rate approximately 9-50 cubic km/m.y./km arc length), hydrothermal discharge ( approximately 2 
MW/km arc length) is relatively hot and visible west of the arc, where the water table is shallow, and relatively cool, dilute, and inconspicuous 
east of the arc, where the water table is deep. Current length-normalized rates of hydrothermal heat discharge from the Cascade arc are 
approximately 10 times lower than those in the Taupo volcanic zone, an arc segment analogous to the more- silicic Miocene Cascades. 
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Abstract     Distant as well as local earthquakes have induced groundwater-level changes persisting for days to weeks at Long Valley caldera, California. 
Four wells open to formations as deep as 300 m have responded to 16 earthquakes, and responses to two earthquakes in the 3-km-deep Long 
Valley Exploratory Well (LVEW) show that these changes are not limited to weathered or unconsolidated near - surface rocks. All five wells exhibit 
water-level variations in response to earth tides, indicating they can be used as low -resolution strainmeters. Earthquakes induce gradual water- 
level changes that increase in amplitude for as long as 30 days, then return more slowly to pre-earthquake levels. The gradual water-level 
changes are always drops at wells LKT, LVEW, and CH-10B, and always rises at well CW-3. At a dilatometer just outside the caldera, earthquake 
-induced strain responses consist of either a step followed by a contractional strain-rate increase, or a transient contractional signal that reaches a 
maximum in about seven days and then returns toward the pre-earthquake value. The sizes of the gradual water-level changes generally increase 
with earthquake magnitude and decrease with hypocentral distance. Local earthquakes in Long Valley produce coseismic water-level steps; 
otherwise the responses to local earthquakes and distant earthquakes are indistinguishable.  In particular, water-level and strain changes in Long 
Valley following the 1992 M7.3 Landers earthquake, 450 km distant, closely resemble those initiated by a M4.9 local earthquake on November 22, 
1997, during a seismic swarm with features indicative of fluid involvement. At the LKT well, many of the response time histories are identical for 
20 days after each earthquake, and can be matched by a theoretical solution giving the pore pressure as a function of time due to diffusion of a 
nearby, instantaneous,  pressure drop. Such pressure drops could be produced by accelerated inflation of the resurgent dome by amounts too 
small to be detected by the two-color electronic distance-measuring network. 
Opening-mode displacement in the south moat, inferred to have followed a M4.9 earthquake on November 22, 1997, could also create 
extensional  strain on the dome and lead to water-level changes similar to those following dome inflation. Contractional strain that could account 
for earthquake -induced water-level rises at the CW-3 well is inconsistent with geodetic observations. We instead attribute these water-level rises 
to diffusion of elevated fluid pressure localized in the south moat thermal aquifer. For hydraulic diffusivities appropriate to the upper few hundred 
meters at Long Valley, an influx of material at temperatures of 300 degrees C can thermally generate pressure of 6 m of water or more, an order 
of magnitude larger than needed to account for the CW-3 water-level rises. If magma or hot aqueous fluid rises to within 1 km of the surface in 
the eastern part of the south moat, then hydraulic diffusivities are high enough to allow fluid pressure to propagate to CW-3 on the time scale 
observed. The data indicate that seismic waves from large distant earthquakes can stimulate upward movement of fluid in the hydrothermal 
system at Long Valley. 

 
Publication Year   2003 

 
Publication Type   Serial; Analytic 

 
Country of Publication   Netherlands (NLD) 

 
Accession  Number   2005-016381 

 
 

38. Database   GeoRef 
 

Title     Deformation near the Casa Diablo geothermal well field and related processes Long Valley Caldera, Eastern 
California, 1993-2000 

 
Author     Howle, James F; Langbein, John O; Farrar, Christopher D; Wilkinson, Stuart K 

 
Affiliation     U. S. Geological Survey, Carnelian Bay, CA, United States (USA) 

 
Affiliation     Oregon Department of Natural Resources, United States (USA) 

 
Monograph  Title   Crustal unrest in Long Valley Caldera, California; new interpretations  from geophysical and hydrologic monitoring and deep drilling 

 
Editor     Sorey, Michael L; McConnell, Vicki Sue; Roeloffs, Evelyn 

 
Affiliation     U. S. Geological Survey, Portola Valley, CA, United States (USA) 

 
Source     Journal of Volcanology and Geothermal Research, vol.127, no.3-4, pp.365-390, 15 Oct 2003 

 
Resource Location   http://www.sciencedirect.com/ science/journal/03770273 

 
Publisher     Elsevier, Amsterdam, Netherlands (NLD) 

 
Abstract     Regional first-order leveling lines, which extend from Lee Vining, CA, to Tom's Place, CA, have been surveyed periodically since 

1957 by the U.S. Geological Survey (USGS), the National Geodetic Survey (NGS), and Caltrans. Two of the regional survey lines, or leveling 
networks, intersect at the Casa Diablo geothermal well field. These leveling networks, referenced to a distant bench mark (C916) near Lee 
Vining, provide time-series vertical control data of land-surface deformation that began around 1980. These data are also useful for delineating 
localized subsidence at Casa Diablo related to reservoir pressure and temperature changes owing to geothermal development that began in 
1985. A comparison of differences in bench-mark elevations for five time periods between 

1983 and 1997 shows the development and expansion of a subsidence bowl at Casa Diablo. The subsidence coincides spatially with the 
geothermal well field and temporally with the increased production rates and the deepening of injection wells in 1991, which resulted in an 
increase in the rate of pressure decline. The subsidence, superimposed on a broad area of uplift, totaled about 310 
mm by 1997. The USGS established orthogonal tilt arrays in 1983 to better monitor deformation across the caldera. One tilt array (DBR) was 
established near what would later become the Casa Diablo geothermal well field. This array responded to magmatic intrusions prior to geothermal 
development,  tilting away from the well field. With the start of geothermal fluid extraction in 1985, tilt at the DBR array reversed direction and 
began tilting into the well field. In 1991, geothermal power production was increased by a factor of four, and reservoir pressures began a period of 
steep decline. These changes caused a temporary three-fold increase in the tilt rate. The tilt rate became stable in 1993 and was about 40% lower 
than that measured in 1991-1992, but still greater than the rates measured during 1985-1990. Data from the local leveling networks spanning the well 
field and the bounding graben were analyzed 
for several 2-year periods (1993-1995, 1995-1997, and 1997-1999). Annual rates of change across the normal faults bounding the graben have 
steadily decreased for each 2-year period between 1993 and 1999, reflecting the slowing decline in geothermal reservoir pressure. Horizontal 
control data from a two-color electronic distance meter (EDM) defined the lateral extent of subsidence at Casa Diablo. The EDM and leveling 
data elucidate the localized effect of the shallow source of subsidence and the broader effect of the deeper magmatic inflation source. Data from 
bench marks common to both the vertical and the horizontal control networks 
were used to assess the effect of subsidence on the EDM base station (CASA). Modeling of geodetic data collected during periods of little or no 
magmatic inflation indicated that the CASA two-color EDM station is being drawn toward the well field at a rate of 3-5 mm/yr. 
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Abstract     Seven samples from four tuffaceous layers ranging from 5 cm to 3 m thick were collected from an 180 m alluvial section near Ballarat and dated 
using the SHRIMP-RG. The alluvial section underlies a late Pleistocene abrasion surface and is faulted at its base near the Panamint Range front 
where it apparently both structurally overlies and is truncated by one of the major range bounding faults along an east step in the Panamint fault 
zone. One sample collected in the lower part of the alluvial section contains abundant Pleistocene zircons ranging in age from 0.6 to 1.1 Ma with a 
statistically significant weighted mean age of 0.9 Ma. These ages overlap with the Long Valley magmatic events and provide a minimum age for 
the deposition for the section. They also could reflect contribution from tephra units such as Upper Glass Mountain tuffs. A minimum long term 
vertical slip rate of approximately 0.345 mm/yr for the Panamint Valley fault zone can be estimated from the separation of dated horizons in the 
alluvial section and previous work on 36Cl dating of salt horizons from nearby core (Jannik and others, 1991). Detrital zircon populations indicate 
that tuffs interbedded in alluvial deposits in Panamint Valley are Pleistocene age and include reworked clasts from Precambrian basement, 
Mesozoic plutons, and Tertiary volcanics. The majority of zircons appear to be mixture of reworked sediment derived from approximately 1.3 Ga 
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Precambrian basement rocks, plutons from the Panamints ranging in age between approximately 154 and 80 
Ma, Miocene and Pleistocene volcanic sources. Some samples include smaller sub-populations of Permian and Triassic aged zircons. Zircons of 
Miocene age range from approximately 6 to 35 Ma and may have been derived from units such as the Immigrant Canyon Tuff, approximately 
8 Ma and the Coso Ash, approximately 6 Ma. Extensive Tertiary volcanics in the southern Panamints could also be a source, however Tertiary 
volcanics are not present in the watersheds that presently feed this alluvial deposit suggesting material has been denuded from the range. 
Preliminary results suggest an inverse age relation of reworked Tertiary zircons within the stratigraphic section, with younger tuffs in the alluvial 
section dominated by older reworked Tertiary zircons. 
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Abstract     Long Valley Caldera sits on the western edge of Basin and Range extensional deformation and the eastern edge of the Sierra Nevada. We 
suggest that Long Valley is accumulating strain imposed on it from the Eastern California Shear Zone (ECSZ). Recent hyperspectral -based 
mineral  mapping in the caldera confirms the presence of a set of contentious NE-trending faults in the western caldera; Suemnicht and Varga's 
Discovery Fault Zone. The presence of these faults is consistent with right-lateral shear imposed by the Eastern California Shear Zone of Dokka 
and Travis, 1990a. Resurgent dome normal faults may also be accommodating some of this right lateral shear. Conflict between geologic and 
gps/strain determined slip rates in the region could be resolved by allowing the crust of Long Valley to accumulate some of the regional 11+1 
mm/yr measured slip. Northward propagation of the ECSZ into this latitude roughly coincides with the inception of widespread volcanic activity in 
this region ( approximately 3 Ma). We suggest that ECSZ strain localizes along northwest trending normal faults (Hilton Creek Fault, Hartley 
Springs Fault, Resurgent Dome Faults). Such faults now experience right lateral offset in addition to normal movement from Basin and Range 
imposed deformation. In addition, several reactivated NE-trending faults act as zones of strain transfer across the caldera from east to west. 
These mapped fault patterns are consistent with those seen farther south along the ECSZ, and help to explain the origin of this massive caldera. 
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Abstract     Exhumation and faulting of Neogene sedimentary rocks records the deformation history of the Sierra Nevada-Basin and Range transition zone 
near Reno, NV in the last 3 Ma. Tephras and mammal fossils high in the Neogene Verdi basin section constrain the timing of the deformation. 
Deposition in the Verdi basin was terminated by tectonism that produced dramatic down-cutting, an abrupt shift in paleocurrent direction, and 
unroofing of crystalline source rocks. This uplift/arroyo-cutting event was followed by eastward tilting and broad synclinal folding of both the 
Neogene section and the coarse clastic arroyo fill. Some faulting within the section accompanied tilting, but most appears to have post-dated the 
tilting event. Several fault sets cut the tilted Neogene section. The dominant ones are: NW-striking dextral faults, NE-striking sinistral faults, and 
N-striking normal or normal-dextral oblique faults. Strike-slip faults with m- to 10m-scale offset are broadly distributed; those with the largest slip 
are most commonly dextral faults. Mutually cross-cutting relationships between the strike-slip fault sets are observed locally. Several NNE-striking 
faults with 10s to 
100s of m of down-to -the-east offset repeat the Neogene section and appear to be some of the most recent structures in the area. The distributed  
strike-slip faulting in the Verdi basin is anomalous for post-depositional deformation of Neogene basins along the eastern boundary of the Sierra  in 
northern Nevada. In the Gardnerville basin to the south and Long Valley basin to the north, the sedimentary section is preserved in a west-tilted 
half-graben and internal deformation is normal faulting. The pre-3 Ma record is also unlike its neighbors--the Verdi basin records a relatively stable 
depocenter with little active tectonism from 11 to 3 Ma. 
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Abstract     Late Miocene fluvial, fluvial-deltaic, and lacustrine sediments of the Hallelujah Formation record the depositional and deformational history in the 
Long Valley, CA (Hallelujah Junction) area. Deposition of Hallelujah Formation started before 8.0 Ma and continued into the Blancan (5.03- 
2.68) Ma. Age control for the Hallelujah Formation is based on tephrochronology and mammalian fossils. Granitic boulder conglomerates within 
the section are monolithologic and immature. They record significant periods of active tectonism during deposition. The Long Valley section dips 
west and is bounded by faults to both the east and west. The Diamond Mountain fault, on the west, is a north-striking, east-dipping normal fault.  
The eastern basin boundary is an unnamed north-striking fault with dextral -normal displacement.  This suggests that post-depositional deformation  
occurred in a transtensional setting. Gravity profiles across the basin constrain the thickness of the Neogene section and the offset on basin-
bounding faults. Modeling based on gravity and borehole data suggests a total stratigraphic thickness of approximately 3500 meters. The 
Diamond Mountain fault is modeled to have a total displacement of up to 2500 meters. The unnamed fault bounding Petersen Mountain shows  
at least 500 
meters of west-side -down offset. This indicates as much as 550 meters of section could be present below the 8 Ma tephrochronology date 
within the lower member of the Hallelujah Formation. The tectonic record in the Neogene sedimentary rocks in Long Valley differs from nearby 
Neogene basins in the Sierra Nevada-Basin and Range transition zone. Boulder sheets within the section reveal 
2-3 distinct periods of active tectonism between 8.0 and (5.03-2.68) Ma. Correlation of paleocurrent data with volumetric distribution of the 
boulder sheets suggests a northwest source direction for boulders in the upper section. Boulder sheets in the lower section depict an ambiguous  
east-west source direction. This suggests geographic distribution of faulting with time. Although Long Valley appears to be a west- tilted half 
graben, there is significant faulting along its eastern edge as well, and this faulting includes both strike-slip and dip -slip components. 
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Abstract  The July 1986, moment magnitude (M (sub w) ) 6.3 Chalfant, California,  earthquake is the largest of a recent 
series (1978-present) of moderate-sized earthquakes  near the Long Valley volcanic region of east-central 
California.  The sequence consists primarily of three moderate-sized strike-slip events. High-quality aftershock 
relocations and short-period focal mechanisms define the temporal and spatial development of the foreshock - 
mainshock- aftershock periods of these three events. Faulting during the M (sub w) 5.7 (event I; July 20) and 
the M (sub w) 6.3 (event II; 21 July) events constitute  a set of conjugate strike-slip faults.  Event I involved 
predominantly  left -lateral motion on a NE-striking fault plane initiating at shallow  depth (7 km). Event II initiated  
at 10.5 km depth exhibiting  right-lateral strike-slip motion on a NW-striking fault dipping moderately to the 
southwest.  An M (sub L) 5.5 strike- slip event on 31 July (event III) extended  the aftershock  sequence  to the 
south into the White Mountains  fault zone. P -wave pulse-width stress drops are determined for 185 M (sub L) 
2.7-4.0 earthquakes  that sample the entire sequence.  Higher stress drops are observed near the intersection  
of event I and II fault planes and at the northern and southern ends of the aftershock  zone. The moving-
window  b-value of the temporal average  stress drop level and the b-value preceding  event III. The average 
aftershock  stress drop tends to increase as the sequence progresses suggesting that the faulted volume is 
equilibrating to the regional stress. Source parameters  have been determined for the principal earthquakes  
from teleseismic body waves, local strong-motion records, and the extent of aftershock activity. The Chalfant 
sequence  appears to be transferring strike-slip motion away from the White Mountains  front, contributing to the 
observed  increase in the relative normal offset, from south to north, along the White Mountains  and the 
opening of the White Mountains  relative to the Sierra Nevada Range front north of Owens Valley. 
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Abstract      Miocene-Recent  Basin  and Range  deformation  occurs  in west-central Idaho,  and extension concentrates 
along  the  Cretaceous   Salmon  River  suture  zone.  Domino-style  normal  faulting  occurred on  E -dipping 
normal   faults,   which   parallel   the  Cretaceous    foliation.   Normal   faulting  rotated  both   the  underlying 
Cretaceous amphibolite facies basement  rocks of the western 

Idaho  shear zone and the overlying  Miocene  Columbia River basalt flows. We present results from a 
new gravity survey of Long Valley with 250 measurements.  The 
topographical  expression of NS-trending Long Valley does not correlate directly to the basin at depth. 
Instead, a 25 mGal negative  Bouguer  anomaly  is centered in the NW part of the valley. No gravity anomaly 
occurs under the S end of the valley, indicating the presence  of bedrock immediately  below Quaternary 
surficial deposits.  In the N end of the valley, inversion of the gravity data suggests  ca. 1200 m of Miocene- 
recent basin fill in a relatively narrow (<10 km) valley. The anomaly  is consistent  with an asymmetric Miocene 
graben that is deepest on the W side of the valley. The normal faults that bound the graben on the W side 
parallel Cretaceous basement  foliation. Tilted Miocene Columbia  River basalts act as critical marker 
horizons. Paleomagnetic  data show that Miocene  rotation  of crustal blocks occurred about a horizontal  axis. 
Reconstruction  of the basalt flows to a sub-horizontal position suggests  that the original orientation of both the 
Late Cretaceous basement  foliation and the Miocene normal faults was sub-vertical. Each block contains a 
distinctive  part of the Late Cretaceous shear zone, as defined by petrology,  geochemistry,  and structures. 
These observations indicate that basement  contacts and fabrics controlled  the regional Miocene structural 
style. 
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Abstract  A synthesis  of tectonic, geologic and geophysical evidence supports  the hypothesis  that the Sierran 

Mountain  block in east central California is overriding  the deep volcanic source responsible for Long Valley 
Caldera  (LVC). For 12 mm/yr of NW motion of the Sierran block relative to a fixed volcanic source at depth, 
at least 10 km of southerly offset would have accumulated since the 0.75 Ma caldera forming event at Long 
Valley. The modern period of earthquake activity (1978-present), extends 15-20 km south into the Sierran 
block and 20-30 km east and southeast  of the current expression of LVC. This distribution of earthquake 
activity is difficult to reconcile  with a crustal volcanic source associated  exclusively with resurgence of the 
central caldera. Teleseismic P -wave tomography of the lower crust and upper mantle shows a region of 
decreased velocities  extending south of LVC into the 
Sierran lithosphere. The largest earthquakes, the distributed seismicity  and the anomalous  local orientation 
of stress axes from earthquake focal mechanisms that appear to be related to the upper mantle feature 
implies that the velocity  contrast is also a lithospheric  strength boundary. Although  Mono Craters represent a 
northward  extension  of volcanism  since the formation of Long Valley, several lines of evidence  also suggest  
the evolution  of a deeper volcanic source south of the caldera. Magmatic  intrusion into the Sierran block has 
been inferred from modeling deformation dominated by uplift in the central caldera (Langbein  and others, 
1995), attenuation of shear waves (Sanders and Nixon, 1995), reflections  from potential magma sources  
from local earthquakes  (Peppin and others, 1989) and anomalous  signatures from modeling earthquake 
dislocations (Julian, 1983; Dreger and others, 2000). The most plausible deep source for volcanism  south of 
LVC is the continued dewatering  of upper mantle originally  hydrated by post-20 Ma 
subduction. Caldera -forming  volcanism implies the original presence  of huge quantities  of volatiles including 
water and CO2. These quantities would be hard to concentrate  in the small area of LVC through purely 
crustal tectonic mechanisms. 
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Abstract  In 1997 we trenched scarps across Tioga or younger deposits at three places along the Sierra Nevada 

frontal fault, north of Long Valley caldera. East of June Lake on the Hartley Springs fault zone, a 2 m-high 
scarp records  50 cm displacement at 1.3 ka. However, most of the relief of the fault scarp was created  in 
earlier, pre-pumice (1.8 ka) event(s) that displaced Tioga till down-to -the-east at least 2.5 m. Due to the 1.5- 
5 m thickness  of pumice 

and tephra deposits that mantle this landscape, deeper trenches will be required  to confidently reconstruct 
the pre-tephra, post-Tioga history of paleoearthquakes.  At the mouth of Lee Vining Canyon, three trenches 
into the Mono Lake fault zone revealed  evidence  for two surface-faulting events younger than the formation 
of latest Pleistocene fan-delta terraces graded to falling stands of Pleistocene Lake Russell. The most recent 
event occurred about 1.6 ka and had a vertical displacement of 2-2.2 m. An earlier Holocene  event had a 
vertical displacement of ca. 1.6 m; TL dates are pending.  Even older events were recorded in one trench, but 
due to erosion associated  with strath terrace cutting, our measured displacements  of 0.5-1.6 m are 
considered  minima.Our trenches  demonstrate that standard paleoseismic techniques will have to be modified 
somewhat  to study the paleoearthquake chronology  of the Sierra Nevada frontal fault in the Mono Lake -Long 
Valley area. First, in areas mantled by thick, loose pumice deposits,  trenches  will have to be 
1.5-5 m deeper than usual to expose pre-tephra colluvial wedges, yet the looseness  of the pumice makes 
such deep trenches  very dangerous. Location of the main fault cannot be inferred from surface morphology 
of the scarp. Second,  due to the multiple step-faulting in relatively dense tills, few fault strands have enough 
displacement to create a decent debris- facies colluvial wedge. 
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Abstract  The Idaho batholith  contains a large number of hydrothermal  convection  systems  manifested  at the surface 

as hot springs. Detailed  geologic investigations were conducted  at a series of hot spring vents discharging 
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along the northern portion of the Middle Fork Payette River in west-central Idaho. In every case, hot spring 
discharge  occurs at or near the intersection of 
a major fracture zone, identified  as the South Fork of the Salmon River Lineament (SFSL), with several 
smaller fracture zones oriented approximately  perpendicular to it. The SFSL is a NNE trending structure 
characterized  in the field as a dense set of brittle fractures and identifiable on aerial photographs as a 
prominent  lineament.  Particularly good exposures  of hydrothermal discharge  from fracture zones are evident 
at Boiling Springs, where discharge is controlled  by a single narrow fracture zone, and at Dash Creek, 
where vents discharge from closely spaced orthogonal  fractures across a wider area. The SFSL is 
recognized as part of the Long Valley Fault System  (LVFS), a seismically active zone of branching, high 
angle normal faults localized along the western  border of the Atlanta lobe. It is believed to represent a 
northward  migration  of the Basin and Range beginning  in the Miocene. Geothermal waters were analyzed 
for Si, Na, Ca, K and Mg; specific  conductance,  pH, temperature and discharge  rate were measured  on site. 
Chemical geothermometers  yielded estimated reservoir temperatures ranging  from 114 to 138 degrees C. 
Current heat flow maps of the region reveal only a slightly elevated  geothermal gradient of 20-27 degrees 
C/km, thus the maximum  depth of the hydrothermal  system is approximately  4-7 km. Depths of groundwater 
circulation  this deep are possible  in the region because of the presence  of a seismically active system of 
hydraulically  connected  fractures.  A conceptual model in the form of a vertical cross section shows that 
convective  groundwater circulation  within the Long Valley Fault System  is primarily attributed  to substantial 
topographic  relief in the region, as meteoric  water moves from high elevation  recharge  areas to lower 
elevation discharge areas. This convective  movement is possibly enhanced  by thermal gradients  in 
the system produced  by density contrasts between  cooler meteoric  recharge  water and hotter water 
circulating  in the deepest depths of the system. 
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Abstract  A permanent  Global Positioning  System  receiver at Casa Diablo Hot Springs,  Long Valley Caldera, 

California  was installed  in January,  1993, and has operated  almost continuously since then. The data have 
been transmitted daily to the Jet Propulsion Laboratory  for routine analysis with data from the Fiducial 
Laboratories for an International  Natural sciences Network (FLINN) by the JPL FLINN analysis center. 
Results from these analyses  have been used to interpret  the on going deformation at Long Valley, with data 
excluded  from periods when the antenna was covered under 2.5 meters of snow and from some periods when  
Anti Spoofing was enforced on the GPS signal. The remaining  time series suggests  that uplift of the resurgent  
dome of Long Valley Caldera  during 1993 has been 2.5 + or - 1.1 cm/yr and horizontal motion has been 3.0 + 
or - 0.7 cm/yr at S53W in a no-net-rotation global 
reference  frame, or 1.5 + or - 0.7 cm/yr at S14W relative to the Sierra Nevada block. These rates are 
consistent  with uplift predicted  from frequent  horizontal  strain measurements.  Spectral analysis of the 
observations  suggests  that tidal forcing of the magma  chamber is not a source of the variability  in the 3 
dimensional  station location. These results suggest that remotely operated, continuously recording  GPS 
receivers could prove to be a reliable tool for volcano monitoring throughout  the world. Copyright  1995 by 
the American Geophysical Union. 
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Abstract  While the deep structure and physical state of active silicic calderas  have until now been clouded with 

uncertainty, a unique opportunity presently exists to make direct observations 
in deep drill hole within the Long Valley caldera of eastern California.  For the first time, it will be possible  to 
obtain hard data on the physical existence of juvenile magma  within the basement rock of Long Valley. To 
critically test the hypothesis  that magma does indeed exist at relatively  shallow  depth, we need to obtain 
qualitatively  new information on the structure of the basement, on the physical conditions  leading to the 
sudden cessation of earthquakes below approximately  4 km depth at the well site, and on the patterns and 
thermal efficiency  of deep fluid circulation within the basement  rock beneath the caldera. These fundamental 
issues can all be addressed by continuing  the Long Valley Exploration  Well that currently  extends  to a depth  
of 2.3 km beneath the center of the resurgent  dome. We propose to deepen the well to 4.3 km in a third  
phase of drilling. In contrast to the previous drilling that employed  conventional  oilfield technology, 
Phase III will be 
continuously  cored to allow unambiguous  characterization  of lithology, as well as systematic  measurements 
of physical and chemical  properties  with depth. The target is the base of the seismogenic zone above the 
current center of inflation. We expect to resolve the paradox posed by surface geophysical evidence  of 
shallow  magma  but subdued  heat flow at moderate depth. Models for the caldera system can be critically 
tested only by observing  the qualitatively new information given by the depth dependence  of physical and 
chemical properties. 
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Abstract Exposed around the margins of Mono basin and the periphery  of Long Valley caldera are approximately 

100 km (super 3) of potassic,  basic to intermediate  lavas that record high water and oxygen fugacities.  Most 
eruptions  occurred between  4 and 2 Ma, although sporadic potassic  volcanism  continued  into the Quaternary 
with a pulse between  0.1 and 0.5 
Ma, approximately  15 km northeast  of Mono basin. The lava types include absarokite,  minette, hornblende 
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phenocrysts range between  2 and 3 wt%, considerably more than mid-ocean ridge, oceanic island, or back- arc 
magmas.  Calculated  f O (sub 2) values fall between  -0.4 and +1.2 log units of the Ni-NiO buffer. Although this 
potassic suite was erupted in an extensional  tectonic setting at the western margin of the Basin and Range 
province, its high K (sub 2) O/TiO (sub 2) and low Zr/Ba ratios suggest  a subduction - modified mantle source. 
If subduction was the process  that enriched  the lithospheric  mantle in large-ion lithophile  elements 
(K, Ba, etc.), it was also a mechanism for mantle oxidation and hydration.  October 1993 
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other azimuths,  indicating maximum 9.6% velocity  anisotropy.  The east-west to ENE-WSW variation 
of the tensional stress fields implied by the shear wave polarizations indicates  the interaction 
between  the inflating caldera and the Sierra Nevada range-front faults under the generally WNW- 
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Union. 
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0.5 m.y. suggests  that eruptions  of 1 km (super 3) or less are far more likely. Models proposed for the 
current ground uplift and seismicity  within the caldera require inflation of 
0.1-0.2 km (super 3) by additional  magma  since mid-1979, and some models suggest  that inflation was 
accompanied  by injection of a thin dike or dikes (probably  of silicic magma)  into the ring fracture zone 
beneath the south moat. Several of the M 5.8-6.2 earthquakes  that occurred in the region beginning  in 1978 
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had non -double -couple focal mechanisms. 
Whether  these unusual  mechanisms indicate injection  of mafic (low -viscosity)  magma  at midcrustal 
depths in the Sierra Nevada block south of the caldera remains debatable. 
Studies  of calderas  of various ages throughout  the world indicate that episodes  of unrest are relatively 
common  and do not invariably culminate  in eruptions.  Although  current unrest is concentrated in the south 
moat of Long Valley caldera, the Inyo/Mono Craters probably  hold a greater potential for producing an 
eruption in the foreseeable  future. The Inyo/Mono 
Craters  have erupted at 500 -year intervals over the past 2000-3000 years, whereas the 
Long Valley magma  chamber has erupted at about 200,000-year intervals over the past 
700,000  years. In either case, a major earthquake near the caldera could strongly  influence the course of 
volcanic activity. 
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Cordon Caulle in southern Chile evidently  is linked to tectonic stress relaxation  associated with the great 
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chambers  are thought to perturb 
the local stress field so that areal patterns of silicic vents are diffuse, radial, or arcuate. Such systems may 
erupt great volumes of pyroclastic  material catastrophically  and produce large calderas. Well-preserved 
examples  of late precaldera  leaks of silicic magma  occur at Long Valley, California,  and Mount Mazama 
(Crater Lake), Oregon. Other possible  examples  are noted. Some of these, those which formed calderas 
smaller than Crater Lake, apparently  were preceded  by silicic eruptions  from aligned vents. Bearing in mind 
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(LHER regime) the mean Hawaiian-Emperor rate. Ash flow magmatism  correlates with the MHER regime, 
averaged  over a sufficiently long time. Thus the conditions of Hawaiian-Emperor magmatism are identified 
with a characteristic power of magma transfer rates that optimize mechanisms for creation of high-level 
chambers  of derivative and fractionated  silicic magma  (terminology  of Smith (1979)) within sufficiently 
localized  regions of high residence  times. These conditions represent  a balance  point, and a bifurcation, in 
dynamic paths of magmatic  evolution  leading to widely divergent  types of plutonic-volcanic associations. 
Categorical  examples  of the principal types of igneous  path are discussed  relative to continental basalt, 
silicic ash flow, batholithic  granite, and intrusive porphyry systems.  The Henry Mountains,  Utah, are thought 
to represent  an example  of an intrusive porphyry generated  in the LHER regime of a mafic source system 
lacking sufficient power for volcanic expression or significant mineralization.  Long Valley, California (and 
possibly other systems  along the eastern front of the Sierra Nevada), is an example operating at the mean 
rate with transient  excursions  to higher and lower rates. In regions of rapid extension  and/or volcanic 
propagation (whether linear or areal) these regimes give rise to basaltic eruptions  ranging  from isolated 
cinder cones to flood basalts. 
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lower average density than crystalline  rocks of surrounding mountains,  and somewhat higher than the muds 
of Searles Lake basin. The gravity relief rivals great minimum anomalies  found in basins between  the Coast 
Ranges. The gravity map suggests  a crescentic structural  basin bounded on all sides by nearly vertical 
faults along which it subsided. A pronounced high near the center could represent  a mass of dense rock 
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basaltic-rhyolitic volcanism is associated with extensional settings, presumably because of the creation of accommodating space. For 
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system. The temporal pattern of offset rates suggests that the zone of greatest activity has migrated to the NW through time, and is now 
focussed at the Mono -Inyo Craters. The southern Mexican volcanic arc presents an example of the coexistence of regional compressional and 
transpressional  structures with volcanoes. On an event basis, slip on regional structures creates opportunities for magma movement and 
eruption, in a type of dynamic fault pumping of fluids. Both kinematically and dynamically, volcanic activity may be completely dependent on 
tectonic factors for accumulation,  storage and eruption of magma. 

Publication Year   2009 
 

Publication Type   Serial; Analytic 
 

Country of Publication   Mexico (MEX) 
 

Accession  Number   2009-064699 
 
 

3. Database   GeoRef 
 

Title     Caldera types and collapse styles 
 

Author     Aguirre-Diaz, G J 
 

Affiliation     Universidad Nacional de Autonoma de Mexico, Centro de Geosciencias, Queretaro, Mexico (MEX) 
 

Monograph  Title   AGU 2008 fall meeting 
 

Author     Anonymous 
 

Source     Eos, Transactions,  American Geophysical Union, vol. 89, no. 53, Suppl., Abstract V11C -2068, Dec 2008 
 

Publisher     American Geophysical Union, Washington, DC, United States (USA) 



Publication Year   2008 

Publication Type Serial; Analytic 

 

 

Country of Publication   United States (USA) 
 

Accession  Number   2010-036148 
 
 

4. Database   GeoRef 
 

Title     Lithospheric control on the initiation of the Yellowstone Hotspot; chronic reactivation of lithospheric scars 
 

Author     Tikoff, Basil ;  Benford, B ;  Giorgis, S 
 

Affiliation     University of Wisconsin-Madison, Department of Geology and Geophysics, Madison, WI, United States (USA) 
 

Affiliation     State University of New York at Geneseo, United States (USA) 
 

Monograph  Title   Lithospheric-scale transtension 
 

Editor     Dewey, John F. 
 

Source     International Geology Review, vol. 50, no. 3, pp.305-324, Mar 2008 
 

Resource Location   http://www.ingentaconnect.com/ content/bell/ 
 

Publisher     Winston & Son, Silver Spring, MD, United States (USA) 
 

Abstract     The Yellowstone hotspot is generally interpreted to have resulted from a mantle plume that initiated beneath the Idaho -Oregon - Nevada region at 
approximately 18 Ma. We explore an alternative model in which the initiation of Yellowstone magmatism is a result of lithospheric-scale processes -- 
transtensional reactivation of the western Idaho shear zone -- rather than a mantle plume. This model is based on both spatial and temporal 
correlations with deformation in the U.S. West. The first-order observation is that 
hotspot-related magmatism occurs as a linear N-S feature, which exploits the mantle portion of the inactive western Idaho shear zone and a deep 
crustal feature along the future Northern Nevada rift. The location for initiation of the McDermitt caldera, the interpreted initiation site of the 
Yellowstone hotspot, is spatially coincident with the southernmost known extent of the western Idaho shear zone 
in the lithospheric mantle. In contrast, the feeder zones of the voluminous magmatism of the Columbia River basalts intruded farther north, 
facilitated by the better-developed fabrics of the northern segment of the western Idaho shear zone. The timing of initial Yellowstone magmatism 
and Columbia River basalts is coincident with the coupling of western California and the North American plate to the Pacific plate. The kinematics 
of this coupling suggest oblique divergence and transtensional deformation. Previous numerical modeling of vertical fabrics in the lithospheric 
mantle show preferential reactivation by transtensional deformation. Thus, the mantle lithosphere rather than deeper portions of the mantle appears 
to exert a fundamental control on the initiation of the Yellowstone hotspot. 
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Abstract     From the late Miocene to the middle Pliocene, the current drainage basin of the Owens River probably consisted of a broad, 
moderate-elevation, low -relief plateau with radiating drainage toward the Pacific Ocean, the northwestern Great Basin (now Lahontan drainages), 
and the Mojave and Colorado drainages. This plateau probably contained shallow basins, created by an extensional 
pulse at 12-11 Ma, at the present locations of major valleys. Between 4 and 3 Ma, this plateau was disrupted by a rapid westward step of 
extensional Basin and Range Province tectonism, which reactivated the Miocene faults and resulted in a linear north-south valley (the Owens 
Valley) with high mountain ranges on each side. This tectonic event resulted in geographic isolation and fragmentation of aquatic habitats and may 
have been a critical driver for speciation of aquatic organisms. Subsequent to this remarkable transformation of the landscape, the predominant  
influence on aquatic habitats has been very large, climate -driven fluctuations in the regional water balance that have resulted in the repeated  
interconnection  and disconnection of the various basins that make up the paleo-Owens system. The magnitude of these fluctuations appears to 
have increased markedly since the early Pleistocene. Searles Lake has generally been the terminus of the Owens River, but at least once,  probably  
at ca. 150 and/or ca. 70 ka, the system overflowed into Death Valley. During the last interglacial (marine isotope stage 5) and the Holocene, 
Owens Lake has been the terminus, but apparently not frequently before. These very large fluctuations in the water balance undoubtedly  produced 
large shifts in the nature and distribution of aquatic habitats over geologically short periods of time, as well as repeatedly creating and severing 
connections between various parts of the larger drainage basin. This dynamic hydrological system provided the setting, and no doubt much of the 
impetus, for speciation, extinction, and distribution of aquatic species within the paleo-Owens system, but any paleohydrological causes will have to 
be extracted from a complex history. 
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Li, B, and Cs, lower 3He/4He ratios, and lower overall vertical temperature gradients. The related young Au deposits are of the shallow hot-springs 
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Displacement histories inferred from deposits containing the approximately 760 ka Bishop Tuff contrast strongly with those inferred from Late 
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as the San Andreas Fault system (SAF), the Mendocino Triple Junction (MTJ), the Long Valley Caldera (LVC), and the region of induced 
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Pages   10 

 
Publication Year   2006 

 
Publication Type   Report; Monographic 

 
Country of Publication   United States (USA) 

 
Accession  Number   2008-109508 

 
 

12. Database   GeoRef 
 

Title     Hydrothermal fault zone mapping using seismic and electrical measurements 
 

Author     Onacha, Stephen Alumasa 



 

 

Pages   226 
 

Publication Year   2006 
 

Publication Type   Thesis or dissertation; Doctoral; Monographic 
 

Organization  Name   Duke University, Durham, NC, United States (USA) 
 

Country of Publication   United States (USA) 
 

Accession  Number   2008-109644 
 
 

13. Database   GeoRef 
 

Title     Non-double-couple earthquakes in the Long Valley volcanic region 
 

Author     Templeton, Dennise C; Dreger, Douglas S 
 

Affiliation     University of California at Berkeley, Berkeley Seismological  Laboratory, Berkeley, CA, United States (USA) 
 

Source     Bulletin of the Seismological  Society of America, vol.96, no.1, pp.69 -79, Feb 2006 
 

Resource Location   http://www.seismosoc. org/publications/bssa. html 
 

Publisher     Seismological  Society of America, Berkeley, CA, United States (USA) 
 

Abstract     To better understand the connection between earthquake production and geothermal/magmatic systems, we studied the extent of fluid - influenced  
faulting in the Long Valley volcanic region. We focused on a 100 -km-wide circular area centered at the Long Valley caldera that also 
encompassed the Mono -Inyo Craters to the north and the Sierra Nevada Mountain block to the south. We performed a comprehensive search for 
events greater than M 3.5 since 1993 with significant coseismic volume changes in their 
source region. Using three-component broadband digital waveforms at regional distances, we solved for four different source models: 

double couple (DC), deviatoric DC + isotropic, and full moment tensor. Using the F-test as a statistical aid, we determined which of the four models  
was most appropriate for each event. We then conducted stability tests to determine the robustness of the focal mechanism solutions and isotropic  
components. Our results show that fluid -influenced earthquakes in the magnitude range studied are quite rare in the Long Valley volcanic region.  
Of 33 high-quality events, 28 are best characterized  by a simple DC source model, 
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Abstract     Long Valley Caldera and the Mono -Inyo Domes volcanic field in eastern California lie in a left -stepping offset along the eastern escarpment 
of the Sierra Nevada, at the northern end of the Owens Valley and the western margin of the Basin and Range Province. Over the last 4 Ma, 
this volcanic field has produced multiple volcanic eruptions, including the caldera-forming eruption at 
760 000 a BP and the recent Mono -Inyo Domes eruptions 500 -660 a BP and 250 a BP. Beginning in the late 1970s, the caldera entered a 
sustained period of unrest that persisted through the end of the century without culminating in an eruption. The unrest has included recurring 
earthquake swarms; tumescence of the resurgent dome by nearly 80 cm; the onset of diffuse magmatic carbon dioxide emissions around the 
flanks of Mammoth Mountain on the southwest margin of the caldera; and other indicators of magma transport at mid- to upper-crustal depths. 
Although we have made substantial progress in understanding  the processes driving this unrest, many key questions remain, including the 
distribution, size, and relation between magma bodies within the mid-to -upper crust beneath the caldera. Mammoth Mountain, and the Inyo Mono 
volcanic chain, and how these magma bodies are connected to the roots of the magmatic system in the lower crust or upper mantle. 
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Abstract     We processed the complete digital seismogram database for northern California to measure accurate differential travel times for correlated 
earthquakes observed at common stations. Correlated earthquakes are earthquakes that occur within a few kilometers of one another and have 
similar focal mechanisms, thus generating similar waveforms, allowing measurements  to be made via cross- correlation analysis. The waveform 
database was obtained from the Northern California Earthquake Data Center and includes about 
15 million seismograms from 225,000 local earthquakes between 1984 and 2003. A total of 26 billion cross-correlation measurements were 
performed on a 32-node (64 processor) Linux cluster, using improved analysis tools. All event pairs with separation distances of 5 km or less were 
processed at all stations that recorded the pair. We computed a total of about 1.7 billion P - wave differential times from pairs of waveforms that had  
cross-correlation coefficients (CC) of 0.6 or larger. The P -wave differential times are often on the order of a factor of ten to a hundred times more 
accurate than those obtained from routinely picked phase onsets. 1.2 billion S -wave differential times were measured with CC> or =0.6, a phase 
not routinely picked at the Northern California Seismic Network because of the noise level of remaining P coda. We found that 
approximately 95% of the seismicity includes events that have cross-correlation coefficients of CC> or =0.7 with at least one other event recorded 
at four or more stations. At some stations more than 40% of the recorded events are similar at the CC> or =0.9 level, indicating the potential 
existence of large numbers of repeating earthquakes. Large numbers of correlated events occur in different tectonic regions, including the San 
Andreas Fault, Long Valley caldera, Geysers geothermal field and Mendocino triple junction. Future research using these data may substantially 
improve earthquake locations and add insight into the velocity structure in the crust. 
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Abstract     World-wide, geothermal resources are most commonly associated with volcanic arcs (Indonesia, Japan, and Philippines) spreading centers 
(Salton Trough and East African Rift) and with hot spots (Hawaii, Iceland, Yellowstone).  Near the margins of the Basin and Range in the U. S. 
geothermal activity is commonly associated with young Volcanism (Long Valley and Coso volcanic fields). Additional production is associated 
with deep fluid circulation in the Basin and Range thought to be localized by recent faulting and the higher than average crustal heat flow in 
much of the Basin and Range. Geothermal energy is an important energy resource in 
Mexico  and the western United States. Commission Federal de Electricidad produces electricity at Cerro Prieto (just south of Imperial Valley, 
California), Los Azufres and Tres Virgenes. In the U. S. about 2020 MWe of electrical generation capacity is on-line in California (7 fields), Hawaii 
(1 field), Nevada (9 fields) and Utah (2 fields). At Meager Creek, British Columbia an electrical generation project is under development.  In 
general,  fluids with temperatures of greater than 150 degrees C are used to produce electricity, and above 30 degrees C are used for direct 
applications such as space heating, crop drying, aquaculture, etc. The U. S. Geological Survey has identified about 23,000 MWe of hydrothermal 
resources capable of electrical production in the U. S. Mexico is actively exploring for additional production in Baja California and the Central 
Mexico Volcanic Belt. Canadian activity is currently focused on Meager Mountain, British Columbia. 
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Abstract     Most of 26 small (0.4< or =M< or =3.1) microearthquakes  at Long Valley caldera in mid-1997, analyzed using data from a dense temporary 
network of 69 digital three-component seismometers,  have significantly non -double -couple focal mechanisms, inconsistent with simple shear 
faulting. We determined their mechanisms by inverting P - and S -wave polarities and amplitude ratios using linear-programming methods, and 
tracing rays through a three-dimensional Earth model derived using tomography. More than 
80% of the mechanisms have positive (volume increase) isotropic components and most have compensated  linear-vector dipole components with 
outward-directed major dipoles. The simplest interpretation of these mechanisms is combined shear and extensional faulting with a volume- 
compensating process, such as rapid flow of water, steam, or CO (sub 2) into opening tensile cracks. Source orientations of earthquakes in the 
south moat suggest extensional faulting on ESE -striking subvertical planes, an orientation consistent with planes defined by earthquake 
hypocenters. The focal mechanisms show that clearly defined hypocentral planes in different locations result from different source processes. 
One such plane in the eastern south moat is consistent with extensional faulting, while one near Casa Diablo Hot Springs reflects en echelon 
right-lateral shear faulting. Source orientations at Mammoth Mountain vary systematically with location, indicating that the volcano influences the 
local stress field. Events in a "spasmodic burst" at Mammoth Mountain have practically identical mechanisms that indicate nearly pure 
compensated  tensile failure and high fluid mobility. Five earthquakes had mechanisms involving small volume decreases, but these may not be 
significant. No mechanisms have volumetric moment fractions larger than that of a force dipole, but the reason for this fact is unknown. 
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Abstract     Transtension is the primary structural mechanism governing active deformation at the eastern margin of the Sierra Nevada Microplate. Analysis of 
this corridor clarifies the role of transtensional kinematics in the formation of discrete, seemingly heterogeneous, structural provinces within the 
Walker Lane-Eastern California Shear Zone (WL-ECSZ). Fault types and patterns are determined by the dominance of the coaxial vs. noncoaxial 
component of strain, derived from the geometry of the deformation zone boundary (zb, eastern Sierra) and transport direction (TD, of the 
Microplate). Rotation and associated size reduction of fault blocks in transtension explains the observed westward encroachment  of deformation in 
the eastern Sierra. The map-view instantaneous strain patterns predicted are demonstrated from N-S by the observed active normal and wrench 
fault arrays. The Honey Lake -Pyramid Lake domain has zb striking 310 degrees to 330 degrees , and TD of approximately 298 degrees , 
indicating noncoaxial strain dominance (Honey Lake, Warm Springs Faults), transitioning to coaxial dominance (Pyramid Lake, normal faults to the 
west). The Lake Tahoe region is coaxially dominated, as indicated by zb approximately 341 degrees and TD of 303 degrees . Predicted structures 
correspond  to the Genoa, Donner Pass, and other mapped and inferred faults. The Mono Lake -Long Valley province has zb 330 degrees and 
TD approximately 308 degrees , indicating a coaxially dominated system that corresponds to numerous normal faults across both basins, at 
their margins, and along the Sierran rangefront. The Owens Valley-Fish Lake Valley region has zb oriented 
344 degrees and TD varies 310 degrees to 314 degrees from N-S, respectively. Faulting north of Bishop is dominantly coaxial, whereas faulting 
in the central and southern regions is dominantly noncoaxial as indicated by the change in TD. In Coso -China Lake, zb is oriented 344 degrees 
and TD is 316 degrees , indicating a dominantly coaxial system with predicted structures similar to observed faults (Wild Horse Mesa, Coso Wash,  
Airport Lake, Little Lake). Active fault patterns in these distinct provinces present a snapshot of instantaneous transtensional strain. Local 
partitioning, in response to zone boundary variation by the inherent shape of the Sierra Nevada and systematic rotation of its transport direction, 
explains the variation in dominant structural deformational styles along the length of the WL-ECSZ. 
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Abstract     Except in the MOR environment, voluminous, high-temperature hydrothermal discharge is commonly associated with silicic volcanism and a 
shallow  regional water table (e.g. Yellowstone, Kamchatka, Taupo volcanic zone). In the Western U.S., hydrothermal heat discharge ranges up to 
6 GW (Yellowstone) and values in the 100 MW range are not uncommon (Long Valley, Lassen, Austin Hot Springs). Such large heat discharges 
likely imply mining of magmatic heat and, as pointed out by Clive Lister (1974), may require active fluid circulation near or within recently 
crystallized magma. The average hydrothermal heat discharge from some silicic magmatic systems is fairly constant on a multidecadal scale. For 
instance, measurements  at Yellowstone and Lassen suggest relatively steady heat discharge since the early 20th century. Large seasonal 
variations observed at some localities over the past 30 years are due mainly to interaction with the shallow, cold hydrologic system. Mining of heat 
from subaerial deposits (Katmai, Loowit Hot Springs at Mt. St. Helens) can temporarily generate comparably large (100s of MW) values of 
hydrothermal discharge, but pronounced declines in heat output are observed on decadal scales. Relative to silicic systems, focused basaltic 
magmatism can provide similarly large heat inputs (e.g. 5-6 GW at Kilauea), but depth to water table tends to be greater in basaltic terranes, and 
hydrothermal discharge tends to be weaker and less conspicuous (e.g. a maximum of approximately 1 GW of subaerial hydrothermal discharge at 
Kilauea, mainly as low -temperature,  dilute discharge near the coast). Andesitic arcs worldwide exhibit a range of length- normalized hydrothermal - 
discharge rates. The most important factors controlling hydrothermal discharge may be the rate of 
magmatic  heat input and depth to water table. In the central Oregon Cascade Range, perhaps the most active part of a relatively 
"weak" andesitic arc (intrusion rate approximately 9-50 cubic km/m.y./km arc length), hydrothermal discharge ( approximately 2 
MW/km arc length) is relatively hot and visible west of the arc, where the water table is shallow, and relatively cool, dilute, and inconspicuous 
east of the arc, where the water table is deep. Current length-normalized rates of hydrothermal heat discharge from the Cascade arc are 
approximately 10 times lower than those in the Taupo volcanic zone, an arc segment analogous to the more- silicic Miocene Cascades. 
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Abstract     Distant as well as local earthquakes have induced groundwater-level changes persisting for days to weeks at Long Valley caldera, California. 
Four wells open to formations as deep as 300 m have responded to 16 earthquakes, and responses to two earthquakes in the 3-km-deep Long 
Valley Exploratory Well (LVEW) show that these changes are not limited to weathered or unconsolidated near - surface rocks. All five wells exhibit 
water-level variations in response to earth tides, indicating they can be used as low -resolution strainmeters. Earthquakes induce gradual water- 
level changes that increase in amplitude for as long as 30 days, then return more slowly to pre-earthquake levels. The gradual water-level 
changes are always drops at wells LKT, LVEW, and CH-10B, and always rises at well CW-3. At a dilatometer just outside the caldera, earthquake 
-induced strain responses consist of either a step followed by a contractional strain-rate increase, or a transient contractional signal that reaches a 
maximum in about seven days and then returns toward the pre-earthquake value. The sizes of the gradual water-level changes generally increase 
with earthquake magnitude and decrease with hypocentral distance. Local earthquakes in Long Valley produce coseismic water-level steps; 
otherwise the responses to local earthquakes and distant earthquakes are indistinguishable.  In particular, water-level and strain changes in Long 
Valley following the 1992 M7.3 Landers earthquake, 450 km distant, closely resemble those initiated by a M4.9 local earthquake on November 22, 
1997, during a seismic swarm with features indicative of fluid involvement. At the LKT well, many of the response time histories are identical for 
20 days after each earthquake, and can be matched by a theoretical solution giving the pore pressure as a function of time due to diffusion of a 
nearby, instantaneous,  pressure drop. Such pressure drops could be produced by accelerated inflation of the resurgent dome by amounts too 
small to be detected by the two-color electronic distance-measuring network. 
Opening-mode displacement in the south moat, inferred to have followed a M4.9 earthquake on November 22, 1997, could also create 
extensional  strain on the dome and lead to water-level changes similar to those following dome inflation. Contractional strain that could account 
for earthquake -induced water-level rises at the CW-3 well is inconsistent with geodetic observations. We instead attribute these water-level rises 
to diffusion of elevated fluid pressure localized in the south moat thermal aquifer. For hydraulic diffusivities appropriate to the upper few hundred 
meters at Long Valley, an influx of material at temperatures of 300 degrees C can thermally generate pressure of 6 m of water or more, an order 
of magnitude larger than needed to account for the CW-3 water-level rises. If magma or hot aqueous fluid rises to within 1 km of the surface in the 
eastern part of the south moat, then hydraulic diffusivities are high enough to allow fluid pressure to propagate to CW-3 on the time scale 
observed.  The data indicate that seismic waves from large distant earthquakes can stimulate upward movement of fluid in the hydrothermal system  
at Long Valley. 
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Abstract     Regional first-order leveling lines, which extend from Lee Vining, CA, to Tom's Place, CA, have been surveyed periodically since 

1957 by the U.S. Geological Survey (USGS), the National Geodetic Survey (NGS), and Caltrans. Two of the regional survey lines, or leveling 
networks, intersect at the Casa Diablo geothermal well field. These leveling networks, referenced to a distant bench mark (C916) near Lee 
Vining, provide time-series vertical control data of land-surface deformation that began around 1980. These data are also useful for delineating 
localized subsidence at Casa Diablo related to reservoir pressure and temperature changes owing to geothermal development that began in 
1985. A comparison of differences in bench-mark elevations for five time periods between 

1983 and 1997 shows the development and expansion of a subsidence bowl at Casa Diablo. The subsidence coincides spatially with the 
geothermal well field and temporally with the increased production rates and the deepening of injection wells in 1991, which resulted in an 
increase in the rate of pressure decline. The subsidence, superimposed on a broad area of uplift, totaled about 310 
mm by 1997. The USGS established orthogonal tilt arrays in 1983 to better monitor deformation across the caldera. One tilt array (DBR) was 
established near what would later become the Casa Diablo geothermal well field. This array responded to magmatic intrusions prior to geothermal 
development,  tilting away from the well field. With the start of geothermal fluid extraction in 1985, tilt at the DBR array reversed direction and 
began tilting into the well field. In 1991, geothermal power production was increased by a factor of four, and reservoir pressures began a period of 
steep decline. These changes caused a temporary three-fold increase in the tilt rate. The tilt rate became stable in 1993 and was about 40% lower 
than that measured in 1991-1992, but still greater than the rates measured during 1985-1990. Data from the local leveling networks spanning the well 
field and the bounding graben were analyzed 
for several 2-year periods (1993-1995, 1995-1997, and 1997-1999). Annual rates of change across the normal faults bounding the graben have 
steadily decreased for each 2-year period between 1993 and 1999, reflecting the slowing decline in geothermal reservoir pressure. Horizontal 
control data from a two-color electronic distance meter (EDM) defined the lateral extent of subsidence at Casa Diablo. The EDM and leveling 
data elucidate the localized effect of the shallow source of subsidence and the broader effect of the deeper magmatic inflation source. Data from 
bench marks common to both the vertical and the horizontal control networks 
were used to assess the effect of subsidence on the EDM base station (CASA). Modeling of geodetic data collected during periods of little or no 
magmatic inflation indicated that the CASA two-color EDM station is being drawn toward the well field at a rate of 3-5 mm/yr. 
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Abstract     Seven samples from four tuffaceous layers ranging from 5 cm to 3 m thick were collected from an 180 m alluvial section near Ballarat and dated 
using the SHRIMP-RG. The alluvial section underlies a late Pleistocene abrasion surface and is faulted at its base near the Panamint Range front 
where it apparently both structurally overlies and is truncated by one of the major range bounding faults along an east step in the Panamint fault 
zone. One sample collected in the lower part of the alluvial section contains abundant Pleistocene zircons ranging in age from 0.6 to 1.1 Ma with a 
statistically significant weighted mean age of 0.9 Ma. These ages overlap with the Long Valley magmatic events and provide a minimum age for 
the deposition for the section. They also could reflect contribution from tephra units such as Upper Glass Mountain tuffs. A minimum long term 
vertical slip rate of approximately 0.345 mm/yr for the Panamint Valley fault zone can be estimated from the separation of dated horizons in the 
alluvial section and previous work on 36Cl dating of salt horizons from nearby core (Jannik and others, 1991). Detrital zircon populations indicate 
that tuffs interbedded in alluvial deposits in Panamint Valley are Pleistocene age and include reworked clasts from Precambrian basement, 
Mesozoic plutons, and Tertiary volcanics. The majority of zircons appear to be mixture of reworked sediment derived from approximately 1.3 Ga 



 

 

Precambrian basement rocks, plutons from the Panamints ranging in age between approximately 154 and 80 
Ma, Miocene and Pleistocene volcanic sources. Some samples include smaller sub-populations of Permian and Triassic aged zircons. Zircons of 
Miocene age range from approximately 6 to 35 Ma and may have been derived from units such as the Immigrant Canyon Tuff, approximately 
8 Ma and the Coso Ash, approximately 6 Ma. Extensive Tertiary volcanics in the southern Panamints could also be a source, however Tertiary 
volcanics are not present in the watersheds that presently feed this alluvial deposit suggesting material has been denuded from the range. 
Preliminary results suggest an inverse age relation of reworked Tertiary zircons within the stratigraphic section, with younger tuffs in the alluvial 
section dominated by older reworked Tertiary zircons. 
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Abstract     Long Valley Caldera sits on the western edge of Basin and Range extensional deformation and the eastern edge of the Sierra Nevada. We 
suggest that Long Valley is accumulating strain imposed on it from the Eastern California Shear Zone (ECSZ). Recent hyperspectral -based 
mineral  mapping in the caldera confirms the presence of a set of contentious NE-trending faults in the western caldera; Suemnicht and Varga's 
Discovery Fault Zone. The presence of these faults is consistent with right-lateral shear imposed by the Eastern California Shear Zone of Dokka 
and Travis, 1990a. Resurgent dome normal faults may also be accommodating some of this right lateral shear. Conflict between geologic and 
gps/strain determined slip rates in the region could be resolved by allowing the crust of Long Valley to accumulate some of the regional 11+1 
mm/yr measured slip. Northward propagation of the ECSZ into this latitude roughly coincides with the inception of widespread volcanic activity in 
this region ( approximately 3 Ma). We suggest that ECSZ strain localizes along northwest trending normal faults (Hilton Creek Fault, Hartley 
Springs Fault, Resurgent Dome Faults). Such faults now experience right lateral offset in addition to normal movement from Basin and Range 
imposed deformation. In addition, several reactivated NE-trending faults act as zones of strain transfer across the caldera from east to west. 
These mapped fault patterns are consistent with those seen farther south along the ECSZ, and help to explain the origin of this massive caldera. 
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Abstract     Exhumation and faulting of Neogene sedimentary rocks records the deformation history of the Sierra Nevada-Basin and Range transition zone 
near Reno, NV in the last 3 Ma. Tephras and mammal fossils high in the Neogene Verdi basin section constrain the timing of the deformation. 
Deposition in the Verdi basin was terminated by tectonism that produced dramatic down-cutting, an abrupt shift in paleocurrent direction, and 
unroofing of crystalline source rocks. This uplift/arroyo-cutting event was followed by eastward tilting and broad synclinal folding of both the 
Neogene section and the coarse clastic arroyo fill. Some faulting within the section accompanied tilting, but most appears to have post-dated the 
tilting event. Several fault sets cut the tilted Neogene section. The dominant ones are: NW-striking dextral faults, NE-striking sinistral faults, and 
N-striking normal or normal-dextral oblique faults. Strike-slip faults with m- to 10m-scale offset are broadly distributed; those with the largest slip 
are most commonly dextral faults. Mutually cross-cutting relationships between the strike-slip fault sets are observed locally. Several NNE-striking 
faults with 10s to 
100s of m of down-to -the-east offset repeat the Neogene section and appear to be some of the most recent structures in the area. The distributed  
strike-slip faulting in the Verdi basin is anomalous for post-depositional deformation of Neogene basins along the eastern boundary of the Sierra  in 
northern Nevada. In the Gardnerville basin to the south and Long Valley basin to the north, the sedimentary section is preserved in a west-tilted 
half-graben and internal deformation is normal faulting. The pre-3 Ma record is also unlike its neighbors--the Verdi basin records a relatively stable 
depocenter with little active tectonism from 11 to 3 Ma. 
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Abstract     Late Miocene fluvial, fluvial-deltaic, and lacustrine sediments of the Hallelujah Formation record the depositional and deformational history in the 
Long Valley, CA (Hallelujah Junction) area. Deposition of Hallelujah Formation started before 8.0 Ma and continued into the Blancan (5.03- 
2.68) Ma. Age control for the Hallelujah Formation is based on tephrochronology and mammalian fossils. Granitic boulder conglomerates within 
the section are monolithologic and immature. They record significant periods of active tectonism during deposition. The Long Valley section dips 
west and is bounded by faults to both the east and west. The Diamond Mountain fault, on the west, is a north-striking, east-dipping normal fault.  
The eastern basin boundary is an unnamed north-striking fault with dextral -normal displacement.  This suggests that post-depositional deformation  
occurred in a transtensional setting. Gravity profiles across the basin constrain the thickness of the Neogene section and the offset on basin-
bounding faults. Modeling based on gravity and borehole data suggests a total stratigraphic thickness of approximately 3500 meters. The 
Diamond Mountain fault is modeled to have a total displacement of up to 2500 meters. The unnamed fault bounding Petersen Mountain shows  
at least 500 
meters of west-side -down offset. This indicates as much as 550 meters of section could be present below the 8 Ma tephrochronology date 
within the lower member of the Hallelujah Formation. The tectonic record in the Neogene sedimentary rocks in Long Valley differs from nearby 
Neogene basins in the Sierra Nevada-Basin and Range transition zone. Boulder sheets within the section reveal 
2-3 distinct periods of active tectonism between 8.0 and (5.03-2.68) Ma. Correlation of paleocurrent data with volumetric distribution of the 
boulder sheets suggests a northwest source direction for boulders in the upper section. Boulder sheets in the lower section depict an ambiguous  
east-west source direction. This suggests geographic distribution of faulting with time. Although Long Valley appears to be a west- tilted half 
graben, there is significant faulting along its eastern edge as well, and this faulting includes both strike-slip and dip -slip components. 

 
Publication Year   2002 

 
Publication Type   Serial; Conference document; Analytic; Abstract only 

 
Country of Publication   United States (USA) 

 
Accession  Number   2003-023902 

 
 

47. Database   GeoRef 
 

Title     New insights into the structural, hydrothermal, and biological systems of the Long Valley Caldera using 
hyperspectral imaging 

 
Author     Martini, Brigette Ann 

 
Pages   291 

 
Publication Year   2002 

 
Publication Type   Thesis or dissertation; Doctoral; Monographic 

 
Organization  Name   University of California at Santa Cruz, Santa Cruz, CA, United States (USA) 



 

 

Country of Publication   United States (USA) 
 

Accession  Number   2004-002915 
 
 

48. Database   GeoRef 
 

Title     The interaction of tectonic and magmatic processes in the Long Valley Caldera, California 
 

Author     Prejean, Stephanie Gail 
 

Pages     131 
 

Publication Year   2002 
 

Publication Type   Thesis or dissertation; Doctoral; Monographic 
 

Organization  Name   Stanford University, Stanford, CA, United States (USA) 
 

Country of Publication   United States (USA) 
 

Accession  Number   2005-007409 
 
 

50. Database   GeoRef 
 

Title     Geodetic and seismic constraints on the 1997 inflation event at Long Valley Caldera 
 

Author     Newman, Andrew V ;  Dixon, Timothy H; Ofoegbu, Goodluck I; Dixon, Jacqueline E 
 

Affiliation     University of California, Earth Sciences Department, Santa Cruz, CA, United States (USA) 
 

Affiliation     University of Miami, United States (USA); Southwest Research Institute, United States (USA) 
 

Monograph  Title   AGU 2000 fall meeting 
 

Author    Anonymous 
 

Source     Eos, Transactions,  American Geophysical Union, vol.81, no.48, Suppl., pp.1385, 28 Nov 2000 
 

Publisher     American Geophysical Union, Washington, DC, United States (USA) 
 

Publication Year   2000 
 

Publication Type   Serial; Conference document; Analytic; Abstract only 
 

Country of Publication   United States (USA) 
 

Accession  Number   2003-074122 
 
 

51. Database   GeoRef 
 

Title     An airborne scanning laser altimetry survey of Long Valley, California 
 

Author Hofton, M A ;  Blair, J B ;  Minster, J B ;  Ridgway, J R; Williams, N P ;  Bufton, J L;  Rabine, D L 
 

Affiliation Scripps  Institution  of Oceanography,  Cecil H. and Ida M. Green Institute  of Geophysics  and 
Planetary  Physics, La Jolla, CA, United States (USA) 

 
Affiliation NASA, United States (USA) 

 
Source International  Journal of Remote  Sensing, vol.21, no.12, pp.2413-2437, 15 Aug 2000 

 
Resource  Location    http://www.tandf.co.uk/journals/ titles/01431161.asp 

 
Publisher Taylor & Francis, London, United Kingdom  (GBR) 

 
Publication  Year   2000 

 
Publication  Type   Serial; Analytic 

 
Accession  Number    2002-050345 

 
 

52. Database   GeoRef 
 

Title     Faulting in the 1986 Chalfant, California, sequence;  local tectonics  and earthquake   
source parameters 

 
Author Smith, Kenneth D; Priestley, Keith F 

 
Affiliation University  of Nevada, Seismological  Laboratory,  Reno, NV, United States (USA) 

 
Affiliation University  of Cambridge, United Kingdom  (GBR) 



 

 

Source Bulletin of the Seismological  Society of America,  vol.90, no.4, pp.813-831, Aug 2000 
 

Resource  Location    http://www.seismosoc. org/publications/ bssa. html 
 

Publisher Seismological  Society of America,  Berkeley,  CA, United States (USA) 
 

Abstract  The July 1986, moment magnitude (M (sub w) ) 6.3 Chalfant, California,  earthquake is the largest of a recent 
series (1978-present) of moderate-sized earthquakes  near the Long Valley volcanic region of east-central 
California.  The sequence consists primarily of three moderate-sized strike-slip events. High-quality aftershock 
relocations and short-period focal mechanisms define the temporal and spatial development of the foreshock - 
mainshock- aftershock periods of these three events. Faulting during the M (sub w) 5.7 (event I; July 20) and 
the M (sub w) 6.3 (event II; 21 July) events constitute  a set of conjugate strike-slip faults.  Event I involved 
predominantly  left -lateral motion on a NE-striking fault plane initiating at shallow  depth (7 km). Event II initiated  
at 10.5 km depth exhibiting  right-lateral strike-slip motion on a NW-striking fault dipping moderately to the 
southwest.  An M (sub L) 5.5 strike- slip event on 31 July (event III) extended  the aftershock  sequence  to the 
south into the White Mountains  fault zone. P -wave pulse-width stress drops are determined for 185 M (sub L) 
2.7-4.0 earthquakes  that sample the entire sequence.  Higher stress drops are observed near the intersection  
of event I and II fault planes and at the northern and southern ends of the aftershock  zone. The moving-
window  b-value of the temporal average  stress drop level and the b-value preceding  event III. The average 
aftershock  stress drop tends to increase as the sequence progresses suggesting that the faulted volume is 
equilibrating to the regional stress. Source parameters  have been determined for the principal earthquakes  
from teleseismic body waves, local strong-motion records, and the extent of aftershock activity. The Chalfant 
sequence  appears to be transferring strike-slip motion away from the White Mountains  front, contributing to the 
observed  increase in the relative normal offset, from south to north, along the White Mountains  and the 
opening of the White Mountains  relative to the Sierra Nevada Range front north of Owens Valley. 
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Abstract      Miocene-Recent  Basin  and Range  deformation  occurs  in west-central Idaho,  and extension concentrates 
along  the  Cretaceous   Salmon  River  suture  zone.  Domino-style  normal  faulting  occurred on  E -dipping 
normal   faults,   which   parallel   the  Cretaceous    foliation.   Normal   faulting  rotated  both   the  underlying 
Cretaceous amphibolite facies basement  rocks of the western 

Idaho  shear zone and the overlying  Miocene Columbia  River basalt flows. We present results from a 
new gravity survey of Long Valley with 250 measurements.  The 
topographical  expression of NS-trending Long Valley does not correlate directly to the basin at depth. 
Instead, a 25 mGal negative  Bouguer  anomaly  is centered in the NW part of the valley. No gravity anomaly 
occurs under the S end of the valley, indicating the presence  of bedrock immediately  below Quaternary 
surficial deposits.  In the N end of the valley, inversion of the gravity data suggests  ca. 1200 m of Miocene- 
recent basin fill in a relatively narrow (<10 km) valley. The anomaly  is consistent  with an asymmetric Miocene 
graben that is deepest on the W side of the valley. The normal faults that bound the graben on the W side 
parallel Cretaceous basement  foliation. Tilted Miocene Columbia  River basalts act as critical marker 
horizons. Paleomagnetic  data show that Miocene rotation  of crustal blocks occurred about a horizontal  axis. 
Reconstruction  of the basalt flows to a sub-horizontal position suggests  that the original orientation of both the 
Late Cretaceous basement  foliation and the Miocene normal faults was sub-vertical. Each block contains a 
distinctive  part of the Late Cretaceous shear zone, as defined by petrology,  geochemistry,  and structures. 
These observations indicate that basement  contacts and fabrics controlled  the regional Miocene structural 
style. 
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Abstract  A synthesis  of tectonic, geologic and geophysical evidence supports  the hypothesis  that the Sierran 

Mountain  block in east central California  is overriding  the deep volcanic source responsible for Long Valley 
Caldera  (LVC). For 12 mm/yr of NW motion of the Sierran block relative to a fixed volcanic source at depth, 
at least 10 km of southerly offset would have accumulated since the 0.75 Ma caldera forming event at Long 
Valley. The modern period of earthquake activity (1978-present), extends 15-20 km south into the Sierran 
block and 20-30 km east and southeast  of the current expression of LVC. This distribution of earthquake 
activity is difficult to reconcile  with a crustal volcanic source associated  exclusively with resurgence of the 
central caldera. Teleseismic P -wave tomography of the lower crust and upper mantle shows a region of 
decreased velocities  extending south of LVC into the 
Sierran lithosphere. The largest earthquakes, the distributed seismicity  and the anomalous  local orientation 
of stress axes from earthquake focal mechanisms that appear to be related to the upper mantle feature 
implies that the velocity  contrast is also a lithospheric  strength boundary. Although  Mono Craters represent a 
northward  extension  of volcanism  since the formation of Long Valley, several lines of evidence  also suggest  
the evolution  of a deeper volcanic source south of the caldera. Magmatic  intrusion into the Sierran block has 
been inferred from modeling deformation dominated by uplift in the central caldera (Langbein  and others, 
1995), attenuation of shear waves (Sanders and Nixon, 1995), reflections  from potential magma sources  
from local earthquakes  (Peppin and others, 1989) and anomalous  signatures from modeling earthquake 
dislocations (Julian, 1983; Dreger and others, 2000). The most plausible deep source for volcanism  south of 
LVC is the continued dewatering  of upper mantle originally  hydrated by post-20 Ma 
subduction. Caldera -forming  volcanism implies the original presence  of huge quantities  of volatiles including 
water and CO2. These quantities would be hard to concentrate  in the small area of LVC through purely 
crustal tectonic mechanisms. 
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Abstract  In 1997 we trenched scarps across Tioga or younger deposits at three places along the Sierra Nevada 

frontal fault, north of Long Valley caldera. East of June Lake on the Hartley Springs fault zone, a 2 m-high 
scarp records  50 cm displacement at 1.3 ka. However, most of the relief of the fault scarp was created  in 
earlier, pre-pumice (1.8 ka) event(s) that displaced Tioga till down-to -the-east at least 2.5 m. Due to the 1.5- 
5 m thickness  of pumice 

and tephra deposits that mantle this landscape, deeper trenches will be required  to confidently reconstruct 
the pre-tephra, post-Tioga history of paleoearthquakes.  At the mouth of Lee Vining Canyon, three trenches 
into the Mono Lake fault zone revealed  evidence  for two surface-faulting events younger than the formation 
of latest Pleistocene fan-delta terraces graded to falling stands of Pleistocene Lake Russell. The most recent 
event occurred about 1.6 ka and had a vertical displacement of 2-2.2 m. An earlier Holocene event had a 
vertical displacement of ca. 1.6 m; TL dates are pending.  Even older events were recorded in one trench, but 
due to erosion associated  with strath terrace cutting, our measured displacements  of 0.5-1.6 m are 
considered  minima.Our trenches  demonstrate that standard paleoseismic techniques will have to be modified 
somewhat  to study the paleoearthquake chronology  of the Sierra Nevada frontal fault in the Mono Lake -Long 
Valley area. First, in areas mantled by thick, loose pumice deposits,  trenches  will have to be 
1.5-5 m deeper than usual to expose pre-tephra colluvial wedges, yet the looseness  of the pumice makes 
such deep trenches  very dangerous. Location  of the main fault cannot be inferred from surface morphology 
of the scarp. Second,  due to the multiple step-faulting in relatively dense tills, few fault strands have enough 
displacement to create a decent debris- facies colluvial wedge. 
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Abstract  The Idaho batholith  contains a large number of hydrothermal  convection  systems  manifested  at the surface 

as hot springs. Detailed  geologic investigations were conducted  at a series of hot spring vents discharging 



 

 

along the northern portion of the Middle Fork Payette River in west-central Idaho. In every case, hot spring 
discharge  occurs at or near the intersection of 
a major fracture zone, identified  as the South Fork of the Salmon River Lineament (SFSL), with several 
smaller fracture zones oriented approximately  perpendicular to it. The SFSL is a NNE trending structure 
characterized  in the field as a dense set of brittle fractures and identifiable on aerial photographs as a 
prominent  lineament.  Particularly good exposures  of hydrothermal discharge  from fracture zones are evident 
at Boiling Springs, where discharge is controlled  by a single narrow fracture zone, and at Dash Creek, 
where vents discharge from closely spaced orthogonal  fractures across a wider area. The SFSL is 
recognized as part of the Long Valley Fault System  (LVFS), a seismically active zone of branching, high 
angle normal faults localized along the western  border of the Atlanta lobe. It is believed to represent a 
northward  migration  of the Basin and Range beginning  in the Miocene. Geothermal waters were analyzed 
for Si, Na, Ca, K and Mg; specific  conductance,  pH, temperature and discharge  rate were measured  on site. 
Chemical geothermometers  yielded estimated reservoir temperatures ranging  from 114 to 138 degrees C. 
Current heat flow maps of the region reveal only a slightly elevated  geothermal gradient of 20-27 degrees 
C/km, thus the maximum  depth of the hydrothermal  system is approximately  4-7 km. Depths of groundwater 
circulation  this deep are possible  in the region because of the presence  of a seismically active system of 
hydraulically  connected  fractures.  A conceptual model in the form of a vertical cross section shows that 
convective  groundwater circulation  within the Long Valley Fault System  is primarily attributed  to substantial 
topographic  relief in the region, as meteoric  water moves from high elevation  recharge  areas to lower 
elevation discharge areas. This convective  movement is possibly enhanced  by thermal gradients  in 
the system produced  by density contrasts between  cooler meteoric  recharge  water and hotter water 
circulating  in the deepest depths of the system. 
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Abstract  A permanent  Global Positioning  System  receiver at Casa Diablo Hot Springs,  Long Valley Caldera, 

California  was installed  in January,  1993, and has operated  almost continuously since then. The data have 
been transmitted daily to the Jet Propulsion Laboratory  for routine analysis with data from the Fiducial 
Laboratories for an International  Natural sciences Network (FLINN) by the JPL FLINN analysis center. 
Results from these analyses  have been used to interpret  the on going deformation at Long Valley, with data 
excluded  from periods when the antenna was covered under 2.5 meters of snow and from some periods when  
Anti Spoofing was enforced on the GPS signal. The remaining  time series suggests  that uplift of the resurgent  
dome of Long Valley Caldera  during 1993 has been 2.5 + or - 1.1 cm/yr and horizontal motion has been 3.0 + 
or - 0.7 cm/yr at S53W in a no-net-rotation global 
reference  frame, or 1.5 + or - 0.7 cm/yr at S14W relative to the Sierra Nevada block. These rates are 
consistent  with uplift predicted  from frequent  horizontal  strain measurements.  Spectral analysis of the 
observations  suggests  that tidal forcing of the magma  chamber is not a source of the variability  in the 3 
dimensional  station location. These results suggest that remotely operated, continuously recording  GPS 
receivers could prove to be a reliable tool for volcano monitoring throughout  the world. Copyright  1995 by 
the American Geophysical Union. 
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Abstract  While the deep structure and physical state of active silicic calderas  have until now been clouded with 

uncertainty, a unique opportunity presently exists to make direct observations 
in deep drill hole within the Long Valley caldera of eastern California.  For the first time, it will be possible  to 
obtain hard data on the physical existence of juvenile magma  within the basement rock of Long Valley. To 
critically test the hypothesis  that magma does indeed exist at relatively  shallow  depth, we need to obtain 
qualitatively  new information on the structure of the basement, on the physical conditions  leading to the 
sudden cessation  of earthquakes below approximately  4 km depth at the well site, and on the patterns and 
thermal efficiency  of deep fluid circulation within the basement  rock beneath the caldera. These fundamental 
issues can all be addressed by continuing  the Long Valley Exploration  Well that currently  extends  to a depth  
of 2.3 km beneath the center of the resurgent  dome. We propose to deepen the well to 4.3 km in a third  
phase of drilling. In contrast to the previous drilling that employed  conventional  oilfield technology, 
Phase III will be 
continuously  cored to allow unambiguous  characterization  of lithology, as well as systematic  measurements 
of physical and chemical  properties  with depth. The target is the base of the seismogenic zone above the 
current center of inflation. We expect to resolve the paradox posed by surface geophysical evidence  of 
shallow  magma  but subdued  heat flow at moderate depth. Models for the caldera system can be critically 
tested only by observing  the qualitatively new information given by the depth dependence  of physical and 
chemical properties. 
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Abstract Exposed around the margins of Mono basin and the periphery  of Long Valley caldera are approximately 

100 km (super 3) of potassic,  basic to intermediate  lavas that record high water and oxygen fugacities.  Most 
eruptions  occurred between  4 and 2 Ma, although sporadic potassic  volcanism  continued  into the Quaternary 
with a pulse between  0.1 and 0.5 
Ma, approximately  15 km northeast  of Mono basin. The lava types include absarokite,  minette, hornblende 
lamprophyre,  trachybasalt,  and trachyandesite.  Estimated  water contents for lavas without hydrous 



 

 

phenocrysts range between  2 and 3 wt%, considerably more than mid-ocean ridge, oceanic island, or back- arc 
magmas.  Calculated  f O (sub 2) values fall between  -0.4 and +1.2 log units of the Ni-NiO buffer. Although this 
potassic suite was erupted in an extensional  tectonic setting at the western margin of the Basin and Range 
province, its high K (sub 2) O/TiO (sub 2) and low Zr/Ba ratios suggest  a subduction - modified mantle source. 
If subduction was the process  that enriched  the lithospheric  mantle in large-ion lithophile  elements 
(K, Ba, etc.), it was also a mechanism for mantle oxidation and hydration.  October 1993 
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Northeast  Oregon, and Southeast  Washington indicate limited right-oblique slip displacement along multiple 
northwest -striking faults that constitute  the lineament.  The southern end of the OWL originates  in the Long 
Valley fault system and western  Snake River Plain in western  Idaho, where it accommodates  basin-and - 
range extension.  Several kilometers west of the Long Valley fault system, post-middle Miocene displacement 
along the OWL has resulted in adjacent areas of uplift and subsidence.  The OWL in Northeast Oregon 
consists of a wide zone of northwest -striking faults and is associated  with several large, inferred,  pull-apart 
basins. The OWL then emerges from the Blue Mountain  uplift as a much narrower  zone of faults in the 
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center for a damaging M = 6.1 earthquake in 1936 is located in the WFZ only a few kilometers  northeast of 
this Holocene fault. Other youthful -appearing,  strike-slip and thrust faults are located farther northwest  along 
the OWL and may pose a seismic  hazard to adjacent population centers and critical facilities. 
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Abstract  Three-component seismograms  from local earthquakes  recorded by three University  of Wisconsin 

stations in the south moat of Long Valley caldera in 1982 have been analyzed for shear wave 
splitting.  The average polarization direction of the first-arriving shear waves observed at the two 
stations south of the resurgent  dome is NNW-SSE. Time delays between the fast and slow shear 
waves are proportional to hypocentral distances, and the maximum velocity  anisotropy  inferred is 
6.4%. The average shear wave polarization  observed at the station above the resurgent  dome is 
north-south. The time delays there are not a function  of hypocentral distance,  and the normalized 
time delays (ms/km) from events at the southwest  boundary  of the caldera are larger than those at 



 

 

other azimuths,  indicating maximum 9.6% velocity  anisotropy.  The east-west to ENE-WSW variation 
of the tensional stress fields implied by the shear wave polarizations indicates  the interaction 
between  the inflating caldera and the Sierra Nevada range-front faults under the generally WNW- 
ESE tension expected from the regional tectonics. Copyright  1990 by the American  Geophysical 
Union. 

 
Publication  Year   1990 

 
Publication  Type   Serial; Conference document; Analytic 

 
Accession  Number    1990-049557 

 
 

100. Database   GeoRef 
 

Title     Soil-geomorphic analysis of late Quaternary glaciation and faulting, eastern 
escarpment of the central Sierra Nevada, California 

 
Author Berry, Margaret Elaine 

 
Publication  Year   1990 

 
Publication  Type   Thesis or dissertation; Doctoral;  Monographic 

 
Accession  Number    1991-051676 

 

 
101. Database   GeoRef 

 
Title     Normal faults and volcanoes 

 
Author Ellis, Michael; King, Geoffrey 

 
Affiliation Cent. Earthquake Res. and Inf., Memphis,  TN, United States (USA) 

 
Affiliation Univ. Colo., United States (USA) 

 
Author Anonymous 

 
Affiliation United States (USA) 

 
Source Abstracts  with Programs  - Geological  Society of America,  vol.22, no.7, pp.273, 1990 

 
Publisher Geological  Society of America  (GSA), Boulder, CO, United States (USA) 

 
Publication  Year   1990 

 
Publication  Type   Serial; Conference document; Analytic; Abstract  only 

 
Accession  Number    1992-066972 

 
 

102. Database   GeoRef 
 

Title     Range front faulting and volcanism in the Mono Basin, eastern California 
 

Author Bursik, Marcus; Sieh, Kerry E 
 

Affiliation Calif. Inst. Technol.,  Dep. Geol. and Planet. Sci., Pasadena,  CA, United States (USA) 
 

Source Journal of Geophysical  Research,  vol. 94, no. B11, pp.15,587-15,609, 10 Nov 1989 
 

Publisher American  Geophysical  Union, Washington, DC, United States (USA) 
 

Abstract  The spatial and temporal pattern of range front normal faulting and volcanism  in the Mono Basin of eastern California 
suggests that dikes are being intruded underneath  the Mono Craters in response  to crustal stretching  and are now 
accommodating  strain that was once taken up by range front faulting.  The section of the Sierra Nevadan  range front 
near the craters accommodated  as much as 1 mm/yr of extension  as recently  as about 40,000 years ago. For the past 
40,000 years, this section of range front has been inactive,  even though range front extension  to the north and south 
has continued  at up to 0.9 mm/yr. For the past 40,000 years, dikes, intruding  underneath  the Mono Craters, seem to 
have been accommodating the 1 mm/yr of extension  that was previously  taken up by faulting.  Since the basin is 
extending obliquely  to the trend of the frontal faults, there is a component of dextral shear to their motion, so that the 
Mono Craters may be forming on an extensional  boundary of a pull-apart basin. If the craters represent  incipient 
caldera formation,  then calderas  such as Long Valley may also have formed in pull-apart zones. Copyright  1989 by 
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Abstract Geological, chronological,  and structural  studies of the Long Valley-Mono/Inyo Craters area document a 

long history of related volcanic eruptions  and earthquakes  controlled  by 
regional  extensional  tectonics  of the Basin and Range province. This activity has persisted for hundreds of 
thousands  of years and is likely to continue. The Long Valley magma chamber had a volume approaching  
3000 km (super 3) prior to its climatic caldera-forming eruption 0.7 m.y. ago but has been reduced to less  
than a third of this volume by cooling, eruption, and crystallization.  Seismic  evidence indicates  that the main  
mass of the present Long Valley magma  chamber is about 10 km in diameter and that its roof is 8-10 km 
deep with smaller cupolas as shallow  as 4-5 km. Although  a chamber of this size is probably capable of 
producing  an eruption approaching  30 km (super 3) of lava, the record over the past 
0.5 m.y. suggests  that eruptions  of 1 km (super 3) or less are far more likely. Models proposed for the 
current ground uplift and seismicity  within the caldera require inflation of 
0.1-0.2 km (super 3) by additional  magma  since mid-1979, and some models suggest  that inflation was 
accompanied  by injection of a thin dike or dikes (probably  of silicic magma)  into the ring fracture zone 
beneath the south moat. Several of the M 5.8-6.2 earthquakes  that occurred in the region beginning  in 1978 



 

 

had non -double -couple focal mechanisms. 
Whether  these unusual  mechanisms indicate injection  of mafic (low -viscosity)  magma  at midcrustal 
depths in the Sierra Nevada block south of the caldera remains debatable. 
Studies  of calderas of various ages throughout  the world indicate that episodes  of unrest are relatively 
common  and do not invariably culminate  in eruptions.  Although  current unrest is concentrated in the south 
moat of Long Valley caldera, the Inyo/Mono Craters probably  hold a greater potential for producing an 
eruption in the foreseeable  future. The Inyo/Mono 
Craters  have erupted at 500 -year intervals over the past 2000-3000 years, whereas the 
Long Valley magma  chamber has erupted at about 200,000-year intervals over the past 
700,000  years. In either case, a major earthquake near the caldera could strongly  influence the course of 
volcanic activity. 
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Abstract  On the basis of the distribution of silicic vents, many volcanic fields can be grouped  with (1) igneous systems  
that may be small and whose vent locations  are controlled  by regional tectonics, (2) those that include sizable  
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smaller than Crater Lake, apparently  were preceded  by silicic eruptions  from aligned vents. Bearing in mind 
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(LHER regime) the mean Hawaiian-Emperor rate. Ash flow magmatism  correlates with the MHER regime, 
averaged  over a sufficiently long time. Thus the conditions of Hawaiian-Emperor magmatism are identified 
with a characteristic power of magma transfer rates that optimize mechanisms for creation of high-level 
chambers  of derivative and fractionated  silicic magma  (terminology  of Smith (1979)) within sufficiently 
localized  regions of high residence  times. These conditions represent  a balance  point, and a bifurcation, in 
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Abstract  Long Valley caldera, a 17- by 32-km elliptical depression  on the east front of the Sierra Nevada, formed 0.7 

m.y. ago during eruption of the Bishop tuff. Subsequent  intracaldera  volcanism included eruption of (1) aphyric 
rhyolite 0.68-0.64 m.y. ago during resurgent doming of the caldera floor, (2) porphyritic  hornblende -biotite 
rhyolite from centers peripheral to the resurgent  dome at 0.5, 0.3, and 0.1 m.y. ago, and (3) porphyritic 
hornblende -biotite rhyodacite from outer ring fractures 0.2 m.y. ago to 50,000 yr ago, a sequence  that 
apparently records  progressive crystallization  of a subjacent  chemically zoned magma chamber. Holocene 
rhyolitic and phreatic eruptions  suggest  that residual  magma  was present in the chamber as recently  as 450 
yr ago. Intracaldera hydrothermal  activity began 
at least 0.3 m.y. ago and was widespread in the caldera moat; it has since declined due to self-sealing of 
near -surface caldera sediments  by zeolitization,  argillization, and silicification  and has become localized on 
recently  reactivated  north-west-trending Sierra Nevada frontal faults that tap hot water at depth. 
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Abstract Clastic and volcanic deposits of Cenozoic  age, filling Long Valley to a depth of 12,000 feet, have a much 



 

 

lower average density than crystalline  rocks of surrounding mountains,  and somewhat higher than the muds 
of Searles Lake basin. The gravity relief rivals great minimum anomalies  found in basins between  the Coast 
Ranges. The gravity map suggests  a crescentic structural  basin bounded on all sides by nearly vertical 
faults along which it subsided. A pronounced high near the center could represent  a mass of dense rock 
within 
the pre-Cenozoic bedrock,  or a volcanic neck. 
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east of the Sierra Nevada, Calif., show these depressions to be downdropped blocks filled with thousands 
of feet of Cenozoic  deposits. Magnetic measurements  suggest locations of buried volcanic rocks. A theory 
relating volcanism  to stress reduction  associated with faulting is presented.  Long Valley and Mono Basin 
are identified  as volcano-tectonic depressions. 
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ellipse -shaped subsided  block, bounded on all sides by a vertical fault zone and the depression  filled with 
18,000 + or - 5000 ft. of low -density Cenozoic  deposits.  The structural feature may be a volcano-tectonic 
depression  similar to Mono Basin, California. 
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Abstract  We undertook  a (super 40) Ar/ (super 39) Ar study of young mafic and silicic lavas at Mammoth  Mountain  and the Long Valley 

caldera (east-central California)  to better understand the frequency  of these eruptions  and the magmatic  plumbing system that drives 
them. Our results show that most of Mammoth  Mountain,  a lava -dome complex straddling  the southwestern  topographic  rim of the 
caldera, consists of trachydacite lavas erupted at ca. 68 ka. These ages and new 29- and 41 ka ages for trachydacite lavas in the 
northwest quadrant of the caldera indicate that these silicic lavas are considerably  younger than previously thought. Mafic lavas vented 
widely in the western  third of the caldera in the past 190,000 years, suggesting that this area has not been underlain  by large bodies 
of silicic magma during this interval,  as such magma  would have prevented  the rise of the denser basaltic magma. We 
identify four eruptive sequences over the past 190,000 years: the western  moat sequence  ( approximately  190 -160 ka), the 
Mammoth sequence ( approximately  120 -58 ka), the northwest  caldera sequence  ( approximately  41-29 ka), and the Inyo chain 
sequence  ( approximately 9 ka-present). In each eruptive sequence  mafic and silicic lavas erupted contemporaneously from spatially 
associated  vents. This suggests  that intrusion of alkali basalt into the shallow  crust led to the silicic eruptions.  If the seismic  unrest 
and deformation of the past three decades is a result of basalt injected beneath Mammoth  Mountain  and perhaps the western  third 
of the caldera, then there is the possibility  of spatially associated  small -volume silicic eruptions,  which would typically be considerably 
more explosive. In the past 40,000 years, eruptions  have occurred along a N-S linear trend less than 10 km wide, limiting the zone 
subject to volcanic hazards.  Our data bear on Pleistocene glaciation  in the region. Ages of 162+ or -2 ka and 99+ or -1 ka for 
bracketing  mafic lava flows better constrain the age of the Casa Diablo till. Our results provide equivocal support  for a suggested 
anticorrelation between volcanism  and glaciation  for the past 800,000 years in eastern California  (Glazner  et al., 1999). 
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Abstract  The relationship of volcanoes  to regional tectonic setting and earthquake dynamics is intimate. We know that eruptions  are often 
triggered by earthquakes, and that volcanoes generally lie along or near major faults or within faulted provinces.  It has been 
generally found that bimodal  basaltic-rhyolitic volcanism  is associated  with extensional  settings, presumably  because of the creation 
of accommodating space. For intermediate  arc volcanoes,  tectonic settings are generally compressional  or transpressional.  The 
spatial pattern of faulting indicates that Long Valley was focussed  by a releasing bend in the transtensional,  Sierran range-front fault 
system.  The temporal pattern of offset rates suggests  that the zone of greatest activity has migrated to the NW through time, and 
is now focussed  at the Mono -Inyo Craters. The southern Mexican volcanic arc presents  an example  of the coexistence of regional 
compressional and transpressional  structures  with volcanoes.  On an event basis, slip on regional structures  creates opportunities for 
magma movement and eruption, in a type of dynamic fault pumping  of fluids. Both kinematically and dynamically,  volcanic activity  
may be completely  dependent  on tectonic factors for accumulation,  storage  and eruption of magma. 
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Abstract The Long Valley caldera (California)  formed approximately  760,000 yr ago following the massive  eruption of the Bishop Tuff. 
Postcaldera  volcanism  in the Long Valley volcanic field includes  lava domes as young as 650 yr. The recent geological  unrest is 
characterized by uplift of the resurgent  dome in the central section of the caldera (75 cm in the past 33 yr) and earthquake activity  
followed by periods of relative quiescence.  Since the spring of 1998, the caldera has been in a state of low activity. The cause of 
unrest is still debated, and hypotheses range from hybrid sources  (e.g., magma with a high percentage of volatiles)  to hydrothermal  
fluid intrusion. Here, we present observations  of surface deformation in the Long Valley region based on differential synthetic 
aperture radar interferometry  (InSAR),  leveling,  global positioning  system (GPS), two-color electronic  distance meter (EDM), and 
microgravity data. Thanks to the joint application  of InSAR and microgravity data, we are able to unambiguously  determine  that 
magma is the cause of unrest. 
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Abstract  The assemblage of ca. 28-3 Ma volcanic rocks exposed in the Lake Tahoe -Reno region of the northern Sierra Nevada, United 
States,  is interpreted  to be part of the Ancestral  Cascades  volcanic arc. The volcanic rocks are commonly  highly porphyritic, 
including abundant plagioclase with clinopyroxene,  amphibole, and rare biotite, and range from basaltic andesite  to dacite in 
composition.  Less common are poorly phyric, olivine - and clinopyroxene -bearing  basalts and basaltic andesites.  Porphyritic lavas 
dominate  composite  volcanic centers, whereas  the poorly phyric lavas form isolated cinder cone and lava flow complexes.  Tahoe - 
Reno arc lavas are calc- alkaline, enriched  in the large ion lithophile  elements but depleted  in Nb and Ta relative to the light rare 
earth elements, and have highly variable  radiogenic  isotopic compositions.  Compared to the modern south Cascade  arc, Tahoe - 
Reno region basalts are enriched in the light rare earth and large ion lithophile  elements and have higher 87Sr/86Sr  and lower 
143Nd/144Nd  that are consistent with an old, subduction -modified  lithospheric  mantle source, such as that proposed  for lavas of the 
Western Great Basin. Melting of the lithospheric  mantle may be enhanced  by fluid flux from the subducting slab if the Juan de Fuca 
slab dip is shallow. Andesites and dacites evolved from basaltic magmas  by a combination of fractional crystallization  and assimilation 
of lower crustal melts. Available geochronological  data indicate that the westward  sweep of Cenozoic  volcanism  through Nevada 
was associated with steepening  of the slab dip, but the dip angle was lower during Miocene-Pliocene arc volcanism  than it is today 
beneath the modern south Cascades. 
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Abstract  Rhyolitic  eruptions  often begin explosively  and then shift to extrusions  of lava. It is widely believed that the style of eruption is 
dependent on magma  flow rate within the conduit,  fast ascent leading to explosive  eruption and slow ascent favoring effusive 
behavior. Currently, the velocity  of rhyolite magma  flowing in a conduit is unknown,  and therefore  eruption models remain untested 
against geologic evidence  of magma  ascent. We show that explosively  erupted rhyolite magma  from the Inyo volcanic chain 
ascended slowly (centimeters  per second),  at same rates as the dome -building  phases.  We propose that the explosive -effusive 
transition sub-Plinian rhyolite eruptions  is governed  by the alleviation  of exsolved  volatile pressure in the shallow  conduit rather than 
the magma  flow rate. 
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Abstract Earth's largest volcanic eruptions  were an order of magnitude larger than any witnessed  by humans since the advent of civilization. 

These "supereruptions"  have played an important  role in our species' past and they pose a serious future threat. In this issue of 
Elements, we consider key issues that reflect both the scientific  and social importance of these awe -inspiring phenomena: the 
products and processes  of the eruptions  themselves,  the nature and evolution  of the shallow  magma chambers  that feed them, 
the monitoring of active supervolcano  systems,  and the potential consequences  to humans of future supereruptions. 
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Abstract  The vigor and size of volcanic eruptions  depend on what happens  in magma  reservoirs  in the Earth's crust. When magmatic 
activity occurs within continental areas, large reservoirs  of viscous, gas-rich magma  can be generated  and cataclysmically 
discharged  into the atmosphere during explosive  supereruptions.  As currently  understood, large pools of explosive  magma  are 
produced  by extracting interstitial liquid from long-lived "crystal mushes" (magmatic sponges  containing  >50 vol% of crystals) and 
collecting  it in unstable liquid -dominated lenses. 
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Abstract Do supervolcanoes  form metallic ore deposits? If so, what types of deposits do they form and how large are they? 
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Abstract  This paper presents  a comprehensive  overview  of the surface deformation retrieval capability of the Differential  Synthetic  Aperture 
Radar Interferometry  (DInSAR)  algorithm,  referred  to as Small BAseline  Subset (SBAS) technique,  in the context of active volcanic 
areas. In particular, after a brief description of the algorithm  some experiments relevant to three selected case-study areas are 
presented. First, we concentrate  on the application  of the SBAS algorithm to a single-orbit scenario, thus considering a set of SAR 
data composed  by images acquired  on descending orbits by the European  Remote  Sensing (ERS) radar sensors  and relevant to 
the Long Valley caldera (eastern  California)  area. Subsequently,  we address the capability  of the SBAS technique  in a multiple-orbit 
context by referring to Mt. Etna volcano (southern  Italy) test site, with respect to which two different ERS data set, composed  by 
images acquired  both on ascending  and descending orbits, are available. Finally, we take advantage of the capability  of the 
algorithm to work in a multi-platform scenario  by jointly exploiting  two different sets of SAR images collected  by the ERS and the 
Environment Satellite (ENVISAT)  radar sensors  in the Campi Flegrei caldera (southern  Italy) area. The presented  results 
demonstrate the effectiveness of the algorithm  to investigate  the deformation field in active volcanic areas and the potential of the 
DInSAR methodologies with in routine surveillance scenario. 
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Abstract  A GPS survey of leveling benchmarks done in Long Valley Caldera  in 1999 showed that the application  of the National  Geodetic 
Survey (NGS) geoid model GEOID99  to tie GPS heights to historical  leveling measurements  would significantly underestimate  the 
caldera ground deformation (known from other geodetic measurements).  The NGS geoid model was able to correctly  reproduce  the 
shape of the deformation, but required  a local adjustment  to give a realistic estimate  of the magnitude of the uplift. In summer 
2006, the U.S. Geological  Survey conducted  a new leveling survey along two major routes crossing the Long Valley region from 
north to south (Hwy 395) and from east to west (Hwy 203 -Benton  Crossing).  At the same time, 25 leveling bench marks were 
occupied  with dual frequency  GPS receivers to provide a measurement  of the ellipsoid heights.  Using the heights from these two 
surveys, we were able to compute  a precise geoid height model (LVGEOID) for the Long Valley volcanic region. Our results show 
that although  the LVGEOID and the latest NGS GEOID03  model practically coincide  in areas outside the caldera, there is a 
difference  of up to 0.2 m between the two models within the caldera. Accounting for this difference  is critical when using the geoid 
height model to estimate  the ground deformation due to magmatic  or tectonic activity in the caldera. 
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Abstract     We present  analyses  of stable  isotopic ratios (super  17) O/ (super  16) O, (super  18) O/ (super 16) O, (super  34) S/ (super  32) S, 
and (super 33) S/ (super 32) S, (super 36) S/ (super 32) S in sulfate leached  from volcanic  ash of a series of well known,  large and 
small volcanic eruptions.  We consider  eruptions  of Mt. St. Helens  (Washington,  1980,  approximately   1 km (super  3) ), Mt. Spurr 
(Alaska, 1953,  <1 km (super  3) ), Gjalp  (Iceland,  1996,  1998,  <1 km (super  3) ), Pinatubo  (Phillipines,  1991,  10 km (super  3) ), 
Bishop tuff (Long Valley, California,  0.76 Ma, 750 km (super 3) ), Lower Bandelier  tuff (Toledo Caldera, New Mexico,  1.61 Ma, 600 
km (super  3) ),  and  Lava  Creek  and  Huckleberry  Ridge  tuffs (Yellowstone,  Wyoming,  0.64 Ma,  1000 km (super  3) and  2.04 Ma 
2500  km (super  3),  respectively).   This  list covers  much  of  the  diversity  of  sizes  and  the  character  of  silicic  volcanic  eruptions. 
Particular  emphasis  is paid to  the Lava  Creek  tuff for  which  we  present  wide  geographic  sample  coverage.  This  global  dataset 
spans  a significant  range in delta (super  34) S, delta  (super  18) O, and Delta  (super  17) O of sulfate  (29 ppm, 30 ppm, and 3.3 
ppm, respectively)  with  oxygen  isotopes recording  mass-independent (Delta  (super  17) O>0. 2ppm)  and  sulfur  isotopes  exhibiting 
mass-dependent behavior.  Products of large eruptions  account  for most  of these  isotopic  ranges.  Sulfate  with Delta  (super  17) O 
(super  0.2) ppm is present  as 1-10 mu m gypsum  crystals on distal ash particles  and records  the isotopic signature  of stratospheric 
photochemical  reactions. Sediments that embed ash layers do not contain sulfate or contain little sulfate with delta (super 17) O near 
0 ppm,  suggesting   that  the observed  sulfate  in  ash  is of  volcanic  origin.  Mass-dependent  fractionation   of  sulfur  isotopic  ratios 
suggests  that  sulfate-forming  reactions did  not  involve  photolysis  of  SO  (sub  2) , like  that  inferred  for  pre-2.3 Ga  sulfates  from 
Archean  sediments  or  Antarctic  ice- core sulfate  associated   with  few  dated  eruptions.  Even  though  the  sulfate  sulfur  isotopic 
compositions  reflect mass-dependent processes, the products  of caldera-forming  eruptions  display  a large delta  (super  34) S range 
and exhibit fractionation  relationships that  do not follow the expected  equilibrium  slopes of 0.515 and 1.90 for (super  33) S/ (super 
32) S vs. (super 34) S/ (super 32) S and (super 36) S/ (super 32) S vs. (super 34) S/ (super 32) S, respectively. The data presented 
here are consistent  with modification  of a chemical mass-dependent fractionation  of sulfur isotopes in the volcanic  plume by either a 
kinetic  gas  phase  reaction  of  volcanic  SO (sub 2) with  OH and/or  a Rayleigh  processes  involving  a residual  Rayleigh  reactant- 
volcanic SO (sub 2) gas, rather than a Rayleigh product. These results may also imply at least two removal pathways  for SO (sub 2) 
in volcanic  plumes.  Above -zero Delta  (super  17) O values  and their positive  correlation  with delta  (super  18) O in sulfate  can be 
explained  by oxidation  by high-delta (super  18) O and high-Delta (super  17) O compounds  such as ozone and radicals  such as OH 
that result  from ozone  break  down.  Large caldera- forming eruptions  have  the highest  Delta  (super  17) O values,  and the largest 
range of delta (super 18) O, which can be explained  by stratospheric reaction with ozone-derived OH radicals. These results suggest 
that massive  eruptions  are capable  of causing  a temporary depletion  of the ozone layer. Such depletion  may be many times that of 
the measured  3-8% depletion  following  1991 Pinatubo  eruption,  if the amount  of sulfur dioxide  released  scales  with the amount  of 
ozone depletion. 
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Abstract  At Long Valley (LV) model Sr isotope phenocryst  ages and absolute  U-Pb zircon ages from precaldera  Glass Mountain  (GM) and 

caldera-related Bishop Tuff (BT) rhyolites show that these crystals track >1 Myr of evolution  of a voluminous  rhyolite magmatic 
system. In detail, strong disparities  between  the different age populations complicate  ideas for a unified model for rhyolite generation, 
differentiation, and storage. To better elucidate  the age discrepancies  a new in situ Pb isotope technique  has been developed  to 
measure the compositions  of 113 individual  LV feldspars (mainly sanidine) and their host glasses by UV laser ablation MC-ICPMS. 
Given sufficient  signal the accuracy  and precision  of this technique  approaches that of double -spike thermal ionization mass 
spectrometry. The utility of our technique  for many geologic materials is, however, limited to determining  Pb isotope ratios that 
include (super 206) Pb, (super 207) Pb, and (super 208) Pb, but exclude (super 204) Pb. New zircon (super 238) U- (super 206) Pb 
crystallization ages were also obtained  for two older Glass Mountain  domes. A >1.5 ppm difference  between  the Pb isotope 
compositions of feldspars from older (1.7-2.2 Ma) precaldera  Glass Mountain  (GM) rhyolites and younger LV rhyolites, including  the BT, 
is found. The Pb isotope data for feldspars and their host glasses lie along a regional trend line between  young basalts and evolved 
crust compositions,  spanning approximately  15% of that isotopic difference, and show a secular change towards  increasing mantle 
contribution. Most feldspars have Pb isotope compositions  that are similar to their host glasses and, as such, there persists 
an apparent >100k.y. difference  between  Sr model feldspar ages and zircon ages for some GM rhyolites.  Collectively,  the feldspars 
define a Sr-Pb isotope mixing curve. Evidence  for mixing complicates the interpretation  that the Sr isotope data solely reflect 
radiogenic ingrowth. Where isotopically  heterogeneous  feldspar populations occur, there is greater uncertainty  about the veracity of 
the Sr model ages. Specifically, we find no Pb isotope evidence  that BT feldspars grew from older GM-like magmas.  The distinct Pb 
isotope signatures  for individual  rhyolites and their feldspars support evidence  based on zircon dating that LV volcanism  did not 
erupt from a single long-lived magma  chamber but rather tapped a number of different magmas. Moreover,  contrary to the 
conventional model of gradual build-up prior to cataclysmic  eruption, secular changes  in the U-Pb age constraints on magma 
residence times and the magmas'  distinct Pb isotopic compositions  suggest  that, at Long Valley, eruptive volumes increase with 
shorter magma  residence  time and correlate with greater mantle input. Evidently,  the plumbing and therefore  activity at Long 
Valley was influenced  by the evolving interaction  between  source and crustal magma  system. 
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Abstract     Earth's largest calderas  form as the ground collapses  during immense volcanic eruptions, when hundreds  to thousands  of cubic 
kilometres of magma  are explosively  withdrawn  from the Earth's crust over a period of days to weeks. Continuing  long after such 
great eruptions,  the resulting  calderas  often exhibit pronounced unrest, with frequent  earthquakes, alternating uplift and subsidence 
of the ground, and considerable  heat and mass flux. Because many active and extinct calderas  show evidence  for repetition  of large 
eruptions, such systems demand detailed  scientific  study and monitoring. Two calderas  in North America,  Yellowstone (Wyoming) 
and Long Valley (California), are in areas of youthful  tectonic complexity. Scientists  strive to understand the signals generated when  
tectonic, volcanic and hydrothermal  (hot ground water) processes  intersect. One obstacle to accurate  forecasting  of large volcanic  
events is humanity's  lack of familiarity  with the signals leading up to the largest class of volcanic eruptions.  Accordingly, it may be 
difficult to recognize  the difference  between  smaller and larger eruptions.  To prepare ourselves  and society, scientists  must scrutinize  
a spectrum  of volcanic signals and assess the many factors contributing to unrest and toward diverse modes of eruption. 
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Abstract  Upper McGee Creek Canyon (MCC) is underlain  by granodiorite on the east (glacier right), and pendant metasedimentary  rock on the 
west (glacier left). Three high boulder deposits; granitics on a summit flat between  Esha Cyn and MCC at 3440 m and on the McGee  
Mt SE rim at 3260 m, and quartzites  on the north shoulder  of Mt Aggie at 3320m, define a possible ice surface, and match expected  
rock types for a MCC glacier. McGee Mt, covered with eroded remnants  of a ground moraine, is smoothed  and sculpted as if overrun  
by ice. Distribution of granitic and metasedimentary  debris on McGee Mt's west boulder covered ridge and on the rounded ridge  
between Mt Aggie and McGee Mt, correlate with ice overflowing from MCC into the canyon lying between  Mt Aggie and Mt Morrison,  
draining into Convict Cyn/Tobacco Flat. Existence  of the Aggie-McGee Ridge argues against a precaldera MCC emptying into the 
Convict drainage.  Had the Long Valley Caldera  collapse  opened a new McGee Creek outlet and captured a McGee-Convict drainage, 
Aggie-Morrison Cyn would be beheaded  and empty into the McGee drainage.  Quartzite erratics on the McGee Mt north rim derived 
from the Convict Lake Formation  match quartzite  exposures  in the cirque between Mt Baldwin  and Mt Aggie. MCC glacial detritus 
from this cirque is glacier-left. North rim quartzites  are anomalous  in that they lie glacier-right to McGee Mt granitics.  This pattern 
corresponds  to metasedimentary  laden glacier-left ice exploiting  a new course across McGee Mt, followed  by granitic laden glacier-
center ice pulled into the stream as this new outlet was downcut across the SW McGee Mt plateau and Aggie-McGee Ridge. This could 
occur if the MCC outlet was unable to accommodate  the glacier and ice flow diverted across McGee Mt. Late Quaternary slip rates for 
Hilton Creek fault at MCC, projected  over 760 ky since the Bishop Tuff eruption, account  for at least half of current vertical relief of the 
McGee Mt escarpment  above Long Valley. Hildreth and Mahood placed the eruption initiating  Plinian phase 
vent on or near Hilton Creek fault adjacent to McGee Mt. Volcanic  activity on Hilton Creek fault, at a time of subdued  range-front 
relief, could obstruct a precaldera  MCC outlet, diverting  glacier ice across McGee Mt. The upper age constraint  upon the McGee Till 
is that it be precaldera, allowing a possible  Sherwin glacial stage designation. 
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Abstract  Gas emissions  are important  indicators  used to monitor magmatic  activity. CO2 gas emission  measurements  from fumaroles, hot 

springs, and soil at Lassen Volcanic National Park (LVNP) in northern California  marks the first of a three year series of 
monitoring.  The primary sampling  site is Sulfur Works (6890 ft elevation),  located near the southwest entrance of LVNP. Soil 
temperatures at Sulfur Works range from 2.8-91.7 C in the top 20 cm. Water in hot springs is as hot as 90 C. CO2 measurements 
collected  at hot springs and in the soil are made using portable CO2 monitors  that use infrared gas analyzers  (IRGA). Hot springs 
CO2 emissions range from 260 -1400 ppm. Data indicate significant  short term variations  in near - surface CO2 concentrations, 
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probably  associated  with proximity  to hydrothermal  vents. Diffusion of CO2 through the soil is calculated  from the physical 
properties  of soil and CO2 concentrations. The goal for the first stages of monitoring is to determine  whether CO2 emissions  vary 
significantly over the monitoring period, and whether there are any periodic  changes  in gas emission  concentrations.  Results of 
this work have potential 

use for long term monitoring similar to that completed  at Mammoth  Mountain  in Long Valley Caldera 
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Abstract  Long Valley Caldera  and the Mono -Inyo Domes volcanic field in eastern California lie in a left -stepping  offset along the eastern 
escarpment of the Sierra Nevada, at the northern end of the Owens Valley and the western  margin of the Basin and Range 
Province. Over the last 4 Ma, this volcanic field has produced  multiple volcanic eruptions,  including  the caldera-forming eruption at 
760 000 a BP and the recent Mono -Inyo Domes eruptions  500 -660 a BP and 250 a BP. Beginning  in the late 1970s, the caldera 
entered a sustained  period of unrest that persisted through the end of the century without culminating  in an eruption. The unrest 
has included recurring  earthquake swarms; tumescence of the resurgent  dome by nearly 80 cm; the onset of diffuse magmatic 
carbon dioxide emissions  around the flanks of Mammoth  Mountain  on the southwest  margin of the caldera; and other indicators 
of magma transport at mid- to upper-crustal depths. Although  we have made substantial  progress in understanding  the processes 
driving this unrest, many key questions  remain,  including  the distribution, size, and relation between  magma  bodies within the 
mid-to -upper crust beneath the caldera. Mammoth Mountain,  and the Inyo Mono volcanic chain, and how these magma  bodies 
are connected  to the roots of the magmatic  system in the lower crust or upper mantle. 
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Abstract  Long Valley Caldera  and the Mono -Inyo Craters chain form a large volcanic complex in eastern California  that has experienced 
persistent earthquake activity and ground uplift over the past 25 years. The central part of Long Valley Caldera  (an area of more 
than 100 square km) has been slowly rising since 1980 at an average rate of 3 cm a (super -1) . Inversion of micro-gravimetry and 
deformation data using a single vertical prolate ellipsoid source has helped to define the existence of a relatively  shallow  (5-8 km) 
silicic magma  intrusion of 0.11-0.19 km (super 3) beneath the caldera's resurgent  dome. We use the information from the single- 
source inversion  to constrain a more general three-dimensional distribution of volume changes  in the subsurface. The distributed 
inversion identifies  two main inflation areas beneath the resurgent  dome: one following the regional trend of north-south faults, and 
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another in the dome's southern section, parallel to a strike-slip fault that is responsible for most of the seismic  activity in the caldera's 
south moat. 
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Abstract  In Northern California  the structural  evolution  and long term slip rates of the right-stepping  Rodgers  Creek -Maacama  Fault system 
during and following Neogene volcanism  along the east side of the wide transform  plate boundary  are constrained by 
tephrochronology and (super 39) Ar/ (super 40) Ar dating, integrated  with geologic mapping  and aeromagnetic and gravity data. 
Pliocene and younger slip on the Maacama  Fault is constrained by offset of a geochemically  distinct suite of silicic tephra deposits in 
the Sonoma Volcanics  that erupted at 3.4-2.5 Ma from a caldera centered over Mount St. Helena in NW Napa Valley. (super 39) Ar/ 
(super 40) Ar ages and tephra geochemistry  show that a section of the Mount St. Helena eruptive sequence  and underlying  gravels 
exposed on the SW side of the Maacama  Fault Zone along the Geysers-Healdsburg Road, is offset right-laterally approximately  17 to 
21 km from the Franz Valley area east of the fault zone, yielding a slip rate of approximately  6.0 + or - 0.7 mm/yr since approximately 
3.2 Ma. Stratigraphically  high dispersed  tephra in synclinally-folded fluvial deposits in the Santa Rosa area correlate with the 1.2-0.8 
Ma Bishop-Glass Mountain  eruptive sequence  of Long Valley. Flat -lying late Pleistocene and Holocene  alluvium  that overlies the 
folded strata was deposited  in a pull-apart basin in the right step between  the Rodgers  Creek and Maacama  Faults. Slip on the 
Maacama and Rodgers Creek Faults that accompanied  formation  of the pull-apart basin ( approximately  5 km for the Maacama  Fault 
and approximately  6 km for the Rodgers  Creek Fault, as indicated from basin geometry)  yields a slip rate of approximately  5.3 + or - 
1.1 mm/yr for the Maacama  Fault and approximately  6.3 + or - 1.3 mm/yr for the Rodgers Creek Fault since 1.2-0.8 Ma. Possible 
earlier slip at a slower rate on the Rodgers Creek Fault Zone is suggested  by a unique sequence  of volcanic and sedimentary 
rocks, including coarse rhyodacite-sourced fault scarp breccia,  deposited  along a strike-slip fault basin margin (Cotati Basin). 
Together  with the axis of a prominent  antiform, these rocks are offset approximately  28 km right-laterally along the Rodgers  Creek 
Fault Zone. (super 39) Ar/ (super 40) Ar ages of the rhyodacitic  rocks are approximately  7.3 to 8.2 Ma, and fluvial deposits 
(Petaluma  Formation)  west of the fault that overlie the fault scarp breccia include the 6.26 Ma Roblar Tuff. About 22 km of slip on 
the fault between  1.2 and 
6.3 to 7.3 Ma, yields a slip rate of approximately  4.0 + or - 0.4 mm/yr, much lower than rates since 1.2 Ma. 
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Abstract Mammoth  Mountain,  which stands on the southwest  rim of Long Valley caldera in eastern California,  last erupted approximately 
57,000 years BP. Episodic  volcanic unrest detected  beneath the mountain  since late 1979, however, emphasizes  that the underlying  
volcanic system is still active and capable  of producing  future volcanic eruptions.  The unrest symptoms  include swarms of small (M< 
or =3) earthquakes, spasmodic  bursts (rapid-fire sequences of brittle-failure earthquakes  with overlapping coda), long- period (LP) 
and very-long-period (VLP) volcanic earthquakes, ground deformation, diffuse emission  of magmatic  CO (sub 2) , and fumarole 
gases with elevated (super 3) He/ (super 4) He ratios. Spatial-temporal relations  defined by the multi-parameter  monitoring data 
together with earthquake source mechanisms suggest  that this Mammoth Mountain  unrest is driven by the episodic  release of a 
volume of CO (sub 2) -rich hydrous magmatic  fluid derived from the upper reaches of a plexus of basaltic dikes and sills at mid- 
crustal depths (10-20 km). As the mobilized  fluid ascends through the brittle-plastic transition zone and into overlying  brittle crust, it 
triggers earthquake swarm activity and, in the case of the prolonged,  11-month-long earthquake swarm of 1989, crustal deformation 
and the onset of diffuse CO (sub 2) emissions.  Future volcanic activity from this system would most likely involve steam explosions 
or small -volume,  basaltic,  strombolian or Hawaiaan  style eruptions.  The impact of such an event would depend critically on vent 
location and season. 
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Abstract World-wide, geothermal resources  are most commonly  associated  with volcanic arcs (Indonesia, Japan, and Philippines) 
spreading centers (Salton Trough and East African Rift) and with hot spots (Hawaii, Iceland,  Yellowstone).  Near the margins of the 
Basin and Range in the U. S. geothermal activity is commonly  associated  with young Volcanism (Long Valley and Coso volcanic 
fields). Additional production is associated  with deep fluid circulation  in the Basin and Range thought to be localized by recent 
faulting and the higher than average crustal heat flow in much of the Basin and Range. Geothermal  energy is an important energy 
resource in Mexico  and the western  United States. Commission  Federal de Electricidad produces  electricity at Cerro Prieto (just 
south of Imperial Valley, California), Los Azufres and Tres Virgenes.  In the U. S. about 2020 MWe of electrical  generation  capacity is 
on-line in California (7 fields), Hawaii (1 field), Nevada (9 fields) and Utah (2 fields). At Meager Creek, British Columbia  an electrical  
generation  project is under development.  In general, fluids with temperatures of greater than 150 degrees C are used to produce 
electricity,  and above 30 degrees C are used for direct applications such as space heating, crop drying, aquaculture,  etc. The U. S. 
Geological  Survey has identified  about 23,000 MWe of hydrothermal  resources  capable  of electrical  production in the U. S. Mexico 
is actively exploring for additional  production in Baja California  and the Central Mexico Volcanic  Belt. Canadian  activity 
is currently  focused  on Meager Mountain,  British Columbia. 
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Abstract  Field programs have traditionally  been taught to mid-level undergraduates,  following their commitment to a Geology major and a 
basic menu of professional coursework. Typically, entering students  have virtually no decent background  in the earth sciences, and 
tend to move toward better known majors; even science-inclined students  and engineers  do not consider  Geology.  The Princeton 
program of Freshman  Seminars  permits us the opportunity of taking 20 applicants  on a 9-day field program during fall break. Since 
most of our freshmen come from an urbanized  region in the east, we introduce  them to Geology by taking them to the Long 
Valley region in California.  The course title "Active Geological Processes" is a natural outcome  of a trip to this area. Volcanism , 

earthquakes,  faulting,  glaciation,  landsliding, and rapid geomorphic  evolution  are evident to the beginner.  Salient aspects of the 
pedagogy are: (1) "knock their socks off" exposure  to this area; (2) each day's effort is localized around one site; (3) students  keep 
a field notebook, with observations,  discussions, and field sketching  combined.  The textbook serves as a resource.  A great deal of 
catch-up learning occurs on the outcrop with the active coaching  of the instructors.  For 20 students, we need 4-5 instructors  to keep 
the student-teacher  interactions alive. The main purpose is to offer a course which embodies  a pedagogically  powerful means of 
introducing students  to the earth sciences--one which is often described  as "my best experience  at Princeton"--and  which can 
communicate to the University  community as a whole the nature of our subject. It is clearly oriented as a recruiting  tool, but only as 
a natural consequence  of the course experience. From a 14-year experience  with the Long Valley trip, we have been able to elicit 
University  funding for an Oceanography  trip to Bermuda [2003] and a new trip to Yellowstone with a focus on geologically  extreme life 
environments. Conclusions: [1] We strongly recommend an intensive  field experience  as the introductory  stage in geological education, 
when other constraints permit; [2] Approximately  2-4 of each cadre of 20 go on to become departmental  majors; [3] These programs 
have had an important  role in increasing  the visibility and positive "buzz" of the department  with both students  and faculty in the 
University  as a whole. 
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Abstract  The volcanic history of the Long Valley region is examined  within a framework of six successive  (spatially  discrete)  foci of silicic 

magmatism, each driven by locally concentrated  basaltic intrusion of the deep crust in response  to extensional  unloading  and 
decompression melting of the upper mantle. A precaldera  dacite field (3.5-2.5 Ma) northwest  of the later site of Long Valley and the 
Glass Mountain  locus of >60 high-silica rhyolite vents (2.2-0.79 Ma) northeast  of it were spatially and temporally  independent magmatic 
foci, both cold in postcaldera time. Shortly before the 760 -ka caldera-forming eruption, the mantle -driven focus of crustal melting 
shifted approximately  20 km westward,  abandoning  its long-stable position under Glass Mountain  and energizing  instead the central 
Long Valley system that released 600 km (super 3) of compositionally  zoned rhyolitic Bishop Tuff (760 ka), followed  by 
approximately 100 km (super 3) of crystal-poor Early Rhyolite (760 -650 ka) on the resurgent dome and later by three separate 5-unit 
clusters of varied Moat Rhyolites  of small volume (527 -101 ka). West of the caldera ring -fault zone, a fourth focus started up 
approximately 160 ka, producing  a 10X20-km array of at least 35 mafic vents that surround  the trachydacite/alkalic rhyodacite 
Mammoth Mountain  dome complex at its core. This young 70-vent system lies west of the structural  caldera and (though it may have 
locally re-energized the western  margin of the mushy moribund  Long Valley Reservoir)  represents  a thermally and compositionally 
independent focus. A fifth major discrete  focus started up by approximately 50 ka, 25-30 km north of Mammoth  Mountain,  beneath 
the center of what has become the Mono Craters chain. In the Holocene,  this system advanced  both north and south, producing 
approximately 30 dike -fed domes of crystal-poor high-silica rhyolite,  some as young as 650 years. The nearby chain of mid-to -late 
Holocene Inyo domes is a fault-influenced  zone of mixing where magmas  of at least four kinds are confluent.  The sixth and youngest  
focus is at Mono Lake, where basalt, dacite, and low -silica rhyolite unrelated  to the Mono Craters magma  reservoir have erupted in 
the interval 14 to 0.25 ka. A compelling inference  is that mantle -driven magmatic  foci have moved repeatedly, allowing abandoned 
silicic reservoirs, including  the formerly vigorous  Long Valley magma  chamber,  to crystallize. A 100 -fold decline of 
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intracaldera  eruption rate after 650 ka, lack of crystal-poor rhyolite since 300 ka, limited volumes of moat rhyolite (most of it crystal- 
rich), absence of postcaldera mafic volcanism  inside the structural  caldera (or north and south adjacent to it), low thermal gradients 
inside the caldera, and sourcing  of hydrothermal  underflow  within the western  array well outside the ring -fault zone all suggest  that 
the Long Valley magma  reservoir is moribund. 
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Abstract  The structure and shape of collapses  and resurgences  is often controlled  by pre-existing discontinuities,  such as normal faults in rift 
zones. In order to study the role of extensional structures  on collapse  and resurgence, we used analogue  models.  Dry sand 
simulated the brittle crust; silicone, located at the base of the sand -pack, simulated  magma. In the experiments, regional extension 
pre-dated collapse  or resurgence, forming normal faults in a graben-like structure;  the graben was filled with additional  sand, 
simulating post-rift deposits. A piston then moved the silicone  downward  or upward, inducing collapse  or resurgence within the 
previously deformed sand. The collapses  showed an ellipticity  (length of minor axis/length  of major axis) between  0.8 and 0.9, with 
the major axis parallel to the extension direction. The partial reactivation of the pre-existing normal faults was observed  during the 
development of the caldera reverse faults, which, conversely  to what was expected (from experiments without pre-existing 
extension), became partly inward dipping.  Resurgence showed an elongation  of the uplifted part, with the main axis perpendicular to 
the extension direction. At depth, pre-existing normal faults were partly reactivated  by the reverse  faults formed during resurgence; 
these locally became outward dipping normal faults. A total reactivation of pre-existing faults was also observed  during resurgence. 
The experiments suggest  that the observed  elongation  of calderas  and resurgences  is the result of the reactivation of pre-existing 
structures during differential  uplift. Such a reactivation is mainly related to the loss in the coefficient  of friction of the sand. The 
results suggest that elliptic calderas  and resurgences  in nature may develop  even from circular magma chambers. 
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Abstract  The Bishop Tuff (USA) is a large-volume, high-silica pyroclastic  rhyolite.  Five pumice clasts from three early stratigraphic units were 
studied. Size distributions  were obtained  using three approaches:  (1) crushing, sieving and winnowing (reliable for crystals >100 mu 
m); (2) microscopy  of approximately  1 mm (super 3) fragments  (preferable for crystals <100 mu m); and (3) computerised  X -ray 
microtomography of approximately  1 cm (super 3) pumice pieces. Phenocryst fragments  coated with glass are common,  and the size 
distributions for all crystals are concave-upward, indicating that crystal fragmentation  is an important  magmatic  process. Three 
groups are recognised, characterised  by: (1) high-density (0.759 -0.902 g cm (super -3) ), high-crystal content (14.4-15.3 wt. %) and 
abundant large crystals (>800 mu m); concave-downward size distributions  for whole crystals indicate late-stage growth with limited 
nucleation, compatible with the slow cooling of a large, gas-saturated, stably stratified  magma body; (2) low -density  (0.499 g cm (super 
-3) ), low -crystal content (6.63 wt.%) and few large crystals;  the approximately  linear size distribution reveals that nucleation was locally 
important, perhaps close to the walls; and (3) intermediate  characteristics  in all respects. The volumetric  fraction of bubbles inversely  
correlates  with the number of large crystals.  This is incompatible with isobaric closed-system crystallisation,  but can be explained  by 
sinking of large crystals and rise of bubbles  in the magma. 
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Title     Eruptive history and chemical evolution of the precaldera and postcaldera basalt-dacite sequences, Long  
Valley, California; implications for magma sources, current seismic unrest, and future volcanism 
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Abstract  The Long Valley Volcanic  Field in east-central California straddles the East Sierran frontal fault zone, overlapping the Sierra 

Nevada and western  Basin and Range Provinces. Long Valley volcanism  began about 4 Ma during Pliocene  time and has 
continued intermittently through the Holocene.  The current (post-1980) seismic  unrest at Long Valley, accompanied  by uplift of the 
resurgent dome, may signal the onset of a new episode  of regional extension and basalt injection  into the residual  magma 
chamber. 
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Abstract  Crystal ages can provide unique insights about timescales  of storage  and mixing of liquid and crystal populations within a system, 
particularly in cases where mixing is difficult to recognize because successive  magma  batches  and crystal populations are chemically 
similar. We present two case studies where we re-evaluate previously -published  U-series, and specifically Ra-Th, ages for mineral 
separates in mafic and intermediate  lavas from Mt. St. Helens (MSH) and Mt. Shasta by incorporating new constraints on the 
quantity 

of Ra initially present in the crystals.  Several observations  emerge from these revised ages: 1) plagioclase crystals are on average 
hundreds to thousands  of years older than the ages of eruption; 2) four of the nine samples yield discordant  pairs of U-series ages 
(Ra-Th and U-Th) for the same mineral separates, which can be explained  by mixtures of crystal populations (or zones) of different 
ages; and 3) plagioclase separates  in the 1982 dacite (MSH) and the Black Butte dacite (Shasta) have anomalously high Ra 
contents  compared to what would theoretically be in equilibrium with liquids like those erupted recently,  which may reflect rapid 
crystal growth (possibly as rims on older crystals) during final ascent and degassing  of magmas.  One implication  of these 
observations  is that recycling of crystals within the same reservoir and related multiple episodes  of crystal growth appear to be 
common  (though not ubiquitous) in arc systems.  Recycled  crystals may have been stored at relatively  low temperatures,  perhaps in 
a crystal mush, based on the diffusive  behavior  of Ba compared  to the Ba zoning preserved  in individual  MSH crystals.  In this 
respect, arc volcanoes  may be like slow -spreading  midocean  ridge systems,  where liquid reservoirs  are small, ephemeral, or 
nonexistent. The residence  times of crystals within these systems  appears to be intermediate  between  the days to hundreds  of years 
observed  in mafic systems  (e.g., Kilauea, Hawaii, Ardoukoba, Africa) and the tens to hundreds  of ka found in many silicic systems 
(e.g., Long Valley, Toba caldera). 
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Abstract  At Long Valley caldera, California,  both local and distant earthquakes  have produced persistent  water level drops in wells on and 
north of the caldera's resurgent  dome, accompanied  by earthquake -induced  fluid level increases  in the caldera's hydrothermally 
active south moat. Earthquake-induced water-level drops on and north of the resurgent  dome may represent diffusion of localized  
fluid pressure drops induced  abruptly by seismic  waves. We evaluate  this hypothesis  using recent data from the Long Valley  
Exploration Well (LVEW), a 3 km deep borehole penetrating the center of the resurgent  dome. The uncased interval of the LVEW  
penetrates relatively  impermeable metapelite,  and fluid communication  is primarily through a conductive fracture 2.6 km below the 
surface. It has proven useful to collect data using pressure-temperature logging tools built to operate for extended  periods at the 
depth of the fracture zone (temperature 102 degrees C, pressure 22.3 MPa). Data from a pumping  test in September, 2001, are 
consistent with a high-conductance planar fracture 10-100 m long in country rock with hydraulic  diffusivity  of 
1-10 m (super 2) /s. Tidal amplitudes at the fracture zone depth are 1.93 kPa peak -to -peak, and the ratio of pressure change to 
strain based on the M2 earth tide constituent is 30.3 kPa/microstrain.  Both the Hector Mine, California  (Oct. 16, 1999, M7.1) and 
Denali Fault, Alaska (Nov. 4, 2002, M7. 9) earthquakes  produced  steplike pressure drops in the LVEW which reached their 
minimum values (1.24 kPa and 1.17 kPa, respectively)  within 3 hours. In contrast,  water level drops induced  by the same two 
earthquakes  at the shallower  LKT well, 4 km NW of the center of the dome, required  10 to 15 days to reach their minima.  The 
Denali Fault earthquake response  at the LVEW was not only faster than at LKT, but also about twice as large, consistent  with 
fluid pressure changes  occurring  abruptly with the passage of seismic waves at a location closer to the LVEW than to LKT. The 
pressure drops caused by the Hector Mine earthquake are less consistent with this conceptual model, because the fluid pressure 
dropped  slightly more in LKT than in the LVEW. Continued  fluid - pressure monitoring should yield more information about the 
time-space distribution of earthquake -induced  fluid -pressure changes  at Long Valley. 
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Abstract  New ages for the Mono Craters rhyolites,  the most active volcanic center associated  with the Long Valley caldera system of 

eastern California, support  and extend earlier, sometimes disregarded, estimates  for the eruptive history of the domes. Allanite, a 
light rare earth element-rich epidote mineral, is an accessory  phase in many high silica rhyolites.  Because Th is concentrated 
preferentially with respect to U during allanite growth, the recovery  of (super 230) Th to statistical  equilibrium with (super 238) U 
provides a potentially  sensitive chronometer for allanite crystallization.  I have developed  a new ion microprobe analytical technique 
that enables  individual allanites to be dated; ages for single grains have also been confirmed  by thermal ionization mass 
spectrometric  analysis. Preliminary  ages obtained  for the older, more porphyritic  and mineralogically  diverse Mono Craters domes 
fall in the range of approximately  7 to 20 ka. Dome 18, inferred to be approximately  9.5 k.y old based on hydration  rind dating 
(Wood, 1977) gives a concordant allanite age of 10+ or -1 ka. Dome 11, suggested  to be responsible for ash layer 4 in the Wilson 
Creek formation  (Bursik and Sieh, 1989), gives an allanite crystallization  age of 20 + or -1 ka, as compared  to an hydration  rind age 
of approximately  23.5 ka and an approximate (super 14) C age of approximately  13.3 for layer 4 (Denham  and Cox, 1971). Dome 
30, inferred to have an Ar-Ar age of 13 + or -1 ka (Hu et al., 1994), hydration  rind age of approximately  8.5 ka, and K -Ar age of 
7.7+ or -0.4 ka (Taddeuci  et al., 1967), gives an allanite age of 7+ or -1 ka but may contain older, approximately  15 ka allanite crystals.  
Results for Dome 6 are surprising:  previously inferred to be one of the oldest domes from an hydration  rind age of approximately  30 
k.y., dome 6 may be considerably younger based on an allanite crystallization  age of 8+ or -2 ka. It is notable that the allanite ages 
are as precise as earlier Ar-Ar age constraints for Mono Crater domes, although  additional  work is needed to refine the accuracy  of 
the allanite ages. The allanite ages are maxima  because crystallization  may have preceded  eruption, but their youthfulness compared  
to eruption age estimates suggests that the pre-eruption residence times of the allanites  are negligible. Moreover,  these new ages do 
not support  the recalibrated history of volcanism  of Bursik and Sieh (1989) but do support  a Holocene rhyolite production rate of 0.8 
km (super 3) /k.y. associated  with Mono Craters. 
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Abstract  Except in the MOR environment, voluminous,  high-temperature hydrothermal  discharge  is commonly  associated  with silicic 
volcanism and a shallow  regional water table (e.g. Yellowstone,  Kamchatka, Taupo volcanic zone). In the Western U.S., 
hydrothermal heat discharge  ranges up to 6 GW (Yellowstone) and values in the 100 MW range are not uncommon (Long Valley, 
Lassen, Austin Hot Springs).  Such large heat discharges likely imply mining of magmatic  heat and, as pointed out by Clive Lister 
(1974), may require active fluid circulation  near or within recently  crystallized magma. The average hydrothermal  heat discharge 
from some silicic magmatic  systems  is fairly constant  on a multidecadal scale. For instance,  measurements  at Yellowstone and 
Lassen suggest relatively  steady heat discharge since the early 20th century. Large seasonal  variations  observed  at some localities 
over the past 30 years are due mainly to interaction  with the shallow, cold hydrologic  system. Mining of heat from subaerial deposits 
(Katmai, Loowit Hot Springs at Mt. St. Helens) can temporarily generate  comparably large (100s of MW) values of hydrothermal 
discharge,  but pronounced declines  in heat output are observed  on decadal  scales. Relative to silicic systems,  focused basaltic 
magmatism can 

provide  similarly large heat inputs (e.g. 5-6 GW at Kilauea),  but depth to water table tends to be greater in basaltic terranes,  and 
hydrothermal discharge  tends to be weaker and less conspicuous (e.g. a maximum  of approximately  1 GW of subaerial hydrothermal 
discharge at Kilauea, mainly as low -temperature,  dilute discharge  near the coast). Andesitic arcs worldwide exhibit a range of length- 
normalized hydrothermal -discharge rates. The most important  factors controlling  hydrothermal  discharge  may be the rate of 
magmatic  heat input and depth to water table. In the central Oregon Cascade  Range, perhaps the most active part of a relatively 
"weak" andesitic  arc (intrusion  rate approximately  9-50 cubic km/m.y./km arc length), hydrothermal  discharge  ( approximately  2 
MW/km  arc length) is relatively  hot and visible west of the arc, where the water table is shallow, and relatively  cool, dilute, and 
inconspicuous east of the arc, where the water table is deep. Current length-normalized rates of hydrothermal  heat discharge  from 
the Cascade arc are approximately  10 times lower than those in the Taupo volcanic zone, an arc segment analogous  to the more- 
silicic Miocene Cascades. 
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Abstract Mammoth  Mountain,  a rhyolite to dacite dome complex on the southwestern  rim of the Long Valley Caldera  in eastern central 

California,  has shown signs of volcanic unrest since the early 1980s. High concentrations  of cold magmatic  carbon dioxide (CO (sub 
2) ), vent from the flanks of the mountain,  and this gas is responsible for over 170 acres of dead trees in that area since 1990. 
Shallow magmatic  intrusions,  inferred from seismic activity, ground deformation, and changes  in fumarolic gas composition  on and 
around Mammoth  Mountain  beginning  in 1989, have been interpreted  as the source of the CO (sub 2) gas. Airborne  and satellite 
based remote sensing data for the field area, collected  using multi- and hyperspectral  [NS001  (TMS), MASTER,  ASTER  and 
AVIRIS] sensors, are evaluated  to map the spatial and temporal variation  in the distribution of magmatic  CO (sub 2) -induced tree 
kills between 1989 and present. Two seasons (1998 and 2003) of field spectral measurements  have been incorporated into the 
remote sensing evaluation  to establish  the reflectance  characteristics  of the field area, allow for error evaluation, and provide ground 
truth measurements for improving  the quality of the remote sensing analyses. The results of the temporal remote sensing 
assessment, combined using geographic information systems, are highlighting  relationships  between  surface geology  and areas of 
tree mortality and delineating the migration  of tree kills since 1989. These evaluations  improve our understanding  of the structure 
and volcanic activity beneath Mammoth  Mountain  and aid in analysis of future volcanic unrest. 
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Abstract  Mammoth  Mountain,  a rhyolite to dacite dome complex on the southwestern  rim of the Long  

Valley Caldera  in eastern central California,  has shown signs of volcanic unrest since the 
early 1980s. High concentrations  of cold magmatic  carbon dioxide (CO (sub 2) ), vent from  
the flanks of the mountain,  and this gas is responsible for over 170 acres of dead trees in that 
area since 1990. Shallow  magmatic  intrusions,  inferred from seismic activity, ground 
deformation, and changes  in fumarolic gas composition  on and around Mammoth  Mountain 
beginning in 1989, have been interpreted  as the source of the CO (sub 2) gas. Airborne  and 
satellite based remote sensing data for the field area, collected  using multi- and 
hyperspectral  [NS001  (TMS), MASTER,  ASTER  and AVIRIS] sensors, are evaluated  to map 
the spatial and temporal variation in the distribution of magmatic  CO (sub 2) -induced tree kills 
between  1989 and present. Two seasons (1998 and 2003) of field spectral measurements 
have been incorporated into the remote sensing evaluation  to establish  the reflectance 
characteristics  of the field area, allow for error evaluation, and provide ground truth 
measurements  for improving  the quality of the remote sensing analyses. The results of the 
temporal remote sensing assessment, combined  using geographic information systems, are 
highlighting  relationships  between  surface geology and areas of tree mortality  and delineating 
the migration  of tree kills since 1989. These evaluations  improve our understanding of the 
structure and volcanic activity beneath Mammoth  Mountain and aid in analysis of future 
volcanic unrest. 
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Abstract  The Freshman  Honors section of my Physical Geology course is focused  on a 3-day field 
trip we take early in the semester  through the Sierra foothills to Yosemite  and Owens 
Valley (all within 3-4 hours drive from campus).  Most of the lab units and all of the 
homework assignments are related to the trip. This trip allows us to study volcanic activity, 
intrusive igneous rocks, earthquakes, glaciation, hydrology,  and mass wasting in a local and 
regional context. For example, topographic  and geologic maps are studied utilizing maps of 
Yosemite and the Long Valley Caldera  (LVC); igneous rocks and volcanic processes  labs 
include material from Yosemite, LVC, and Devil's Postpile.  Post field -trip labs include a study 
of glacial landforms  of Yosemite,  analysis of recent stream flow data for areas visited and 
an analysis of current water composition  (from collected  samples) and the recent evolution 
of Mono Lake. Homework  assignments prior to the trip involve analysis of current and recent 
earthquake data as well as data related to recent and potential volcanic activity in Long 
Valley. Students  study geologic maps of the areas to be visited and student pairs are 
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assigned field trip stops for which they will be the "experts".  They prepare handouts  and give 
presentations on the outcrop at their assigned  stops. The approach  is also multi-disciplinary. 
Students read the selections  from John Muir's "My First Summer in the Sierra" describing 
his first view of Yosemite  Valley and they write reflections  relating it to their own 
experiences on the trip. In addition  the students  meet with the curator of a recent exhibit of 
paintings  of Yosemite and the eastern Sierra to view the images and learn how artists 
visualize the landscapes we have visited. As a final project, the students prepare a group 
presentation  for the other section of the Physical Geology course on the geology  of the 
areas visited, delivered during class at the end of the semester.  The presentation  requires 
them to synthesize, both individually  and as a group, all the various aspects of the course 
and to develop (and explain)  an understanding  of the geologic history of this region. Thus, 
all of the students gain a better understanding  of geology  within this local/regional context. 
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Abstract  Since 1978, volcanic unrest in the form of earthquakes  and ground deformation has 

persisted in the Long Valley caldera and adjacent parts of the Sierra Nevada. The papers 
in this special volume focus on periods of accelerated seismicity  and deformation in 1980, 
1983,  1989-1990, and 1997-1998 to delineate relations  between  geologic,  tectonic, and 

hydrologic  processes. The results distinguish  between earthquake sequences that result 
from relaxation  of existing stress accumulation through brittle failure and those in which 
brittle failure is driven by active intrusion. They also indicate that in addition  to a relatively 
shallow  (7-10-km) source beneath the resurgent  dome, there exists a deeper ( 
approximately 15-km) source beneath the south moat. Analysis of microgravimety  and 
deformation data indicates that the composition  of the shallower source may involve a 
combination of silicic magma and hydrothermal  fluid. Pressure  and temperature 
fluctuations  in wells have accompanied periods of crustal unrest, and additional  pressure 
and temperature changes accompanying ongoing geothermal power production have 
resulted in land subsidence.  The completion in 1998 of a 3000-m-deep drill hole on the 
resurgent  dome has provided useful information on present and past periods of 
circulation  of water at temperatures of 100 -200 degrees C within the crystalline basement 
rocks that underlie the post-caldera volcanics.  The well is now being converted  to a 
permanent  geophysical monitoring station. 
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Abstract  We surveyed 44 existing leveling monuments  in Long Valley caldera in July 1999, using 
dual frequency  global positioning system (GPS) receivers.  We have been able to tie GPS 
and leveling to a common  reference  frame in the Long Valley area and computed  the 
vertical deformation by differencing  GPS-based and leveled orthometric heights.  The 
resurgent dome uplifted 74+ or -7 cm from 1975 to 1999. To define the inflation source, we 
invert two-color EDM and uplift data from the 1985-1999 unrest period using spherical  or 
ellipsoidal sources. We find that the ellipsoidal  source satisfies both the vertical and 
horizontal deformation data, whereas  the spherical  point source cannot. According  to our 
analysis of the 1985-1999 data, the main source of deformation is a prolate ellipsoid located 
beneath the resurgent  dome at a depth of 5.9 km (95% bounds of 4.9-7.5 km). This body is 
vertically elongated, has an aspect ratio of 0.475 (95% bounds are 0.25-0.65) and a volume 
change of 0.086 km (super 3) (95% bounds are 0.06-0.13 km (super 3) ). Failure to account 
for the ellipsoidal  nature of the source biases the estimated  source depth by 2.1 km (35%), 
and the source volume by 0.038 km (super 3) (44%). 
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Abstract  We model the source of inflation of Long Valley caldera by combining  geodetic  and 
micro- gravity data. Uplift from GPS and leveling,  two-color EDM measurements,  and 
residual gravity change determinations  are used to estimate  the intrusion geometry, 
assuming  a vertical prolate ellipsoidal  source. The U.S. Geological  Survey occupied  the 
Long Valley gravity network six times from 1980 to 1985. We reoccupied  this network 
twice, in the summer of 1998 (33 stations), and the summer of 1999 (37 stations). Before 
gravity data can be used to estimate  the density of the intrusion, they must be corrected 
for the effect of vertical deformation (the free-air effect) and changes  in the water table. We 
use geostatistical  techniques to interpolate uplift and water table changes at the gravity 
stations. The inflation source (a vertical prolate ellipsoid)  is located 5.9 km beneath the 
resurgent dome with an aspect ratio equal to 0.475, a volume change from 1982 to 1999 of 
0.136 km (super 3) and a density of around 1700 kg/m (super 3) . A bootstrap  method was 
employed to estimate  95% confidence bounds for the parameters  of the inflation model. 
We obtained  a range of 0.105 -0.187 km (super 3) for the volume change, and 1180-2330 
kg/m (super 3) for the density. Our results do not support  hydrothermal  fluid intrusion as 
the primary cause of unrest, and confirm the intrusion of silicic magma  beneath Long 
Valley caldera. Failure to account for the ellipsoidal  nature of the source biases the 
estimated  source depth by 2.9 km (a 33% increase),  the volume change by 0.019 km 
(super 3) (a 14% increase)  and the density by about 1200 kg/m (super 3) (a 40% 
increase). 
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Abstract  Quaternary volcanic unrest has provided  heat for episodic hydrothermal  circulation  in the 

Long Valley caldera, including  the present -day hydrothermal  system, which has been 
active over the past 40 kyr. The most recent period of crustal unrest in this region of east- 
central California began around 1980 and has included periods of intense seismicity  and 
ground deformation. Uplift totaling more than 0.7 m has been centered on the caldera's 
resurgent dome, and is best modeled  by a near -vertical ellipsoidal  source centered at 
depths of 6-7 km. Modeling of both deformation and microgravity data now suggests  that (1) 
there are two inflation sources  beneath the caldera, a shallower  source 7-10 km beneath the 
resurgent dome and a deeper source approximately  15 km beneath the caldera"s  south 
moat and (2) the shallower  source may contain components of magmatic  brine and gas. The 
Long Valley Exploration Well (LVEW), completed in 1998 on the resurgent  dome, penetrates  
to a depth of 3 km directly above this shallower  source, but bottoms in a zone of 
100 degrees C fluid with zero vertical thermal gradient. Although  these results preclude 
extrapolations  of temperatures at depths below 3 km, other information obtained  from flow 
tests and fluid sampling at this well indicates  the presence  of magmatic  volatiles and fault- 
related permeability within the metamorphic basement  rocks underlying  the volcanic fill. In 
this paper, we present recently  acquired  data from LVEW and compare them with 
information  from other drill holes and thermal springs in Long Valley to delineate the likely 
flow paths and fluid system properties  under the resurgent  dome. Additional  information 
from mineralogical assemblages in core obtained  from fracture zones in LVEW documents  a 
previous  period of more vigorous  and energetic  fluid circulation beneath the resurgent 
dome. Although this system apparently died off as a result of mineral deposition  and cooling 
(and/or  deepening) of magmatic  heat sources, flow testing and tidal analyses  of LVEW water 
level data show that relatively high permeability and strain sensitivity  still exist in the steeply 
dipping principal fracture zone penetrated  at a depth of 2.6 km. The hydraulic properties of 
this zone would allow a pressure change induced  at distances of several kilometers below 
the well to be observable  within a matter of days. This indicates that continuous fluid pressure 
monitoring in the well could provide direct evidence  of future intrusions of magma or high-
temperature fluids at depths of 5-7 km. 

Publication  Year   2003 
 

Publication  Type   Serial; Analytic 
 

Accession  Number    2005-016382 
 
 

58. Database   GeoRef 
 

Title     A  volcanotectonic cascade; activation of  range  front faulting and  eruptions   
by dike intrusion, Mono Basin-Long Valley Caldera, California 

 
Author Bursik, M; Renshaw, C; McCalpin, J; Berry, M 

 
Affiliation State University  of New York at Buffalo, Department  of Geology,  Buffalo, NY, United States (USA) 

 
Affiliation Dartmouth College,  United States (USA); GEO-HAZ Consulting, United States 

(USA); Evergreen, United States (USA) 
 

Source Journal of Geophysical  Research,  vol.108,  no.B8, 14 pp., 10 Aug 2003 
 

Resource  Location    http://www.agu.org/journals/ jd/ 
 

Publisher American  Geophysical  Union, Washington, DC, United States (USA) 
 

Publication  Year   2003 



Long Valley Caldera, California

355

 

 

 

 
 

Publication  Type   Serial; Analytic 
 

Accession  Number    2005-012144 
 
 

59. Database   GeoRef 
 

Title     Remote sensing  evaluation  of  Mammoth  Mountain,  California;  mapping   
spatial and temporal variations in volcanogenic CO (sub 2) induced tree kills 

 
Author List, Mark R; Hausback, Brian P 

 
Affiliation California  State University  at Sacramento,  Sacramento,  CA, United States (USA) 

 
Author Anonymous 
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Abstract  Mammoth  Mountain  Volcano, on the southwestern  ring fracture of the Long Valley Caldera 

in eastern central California,  has shown signs of volcanic unrest since the early 1980s. 
High concentrations of cold carbon dioxide (CO (sub 2) ), believed to be volcanogenic  in 
nature, are being emitted from the flanks of the mountain.  The emitted CO (sub 2) is 
interpreted  to be the cause of over 170 acres of dead trees in that area since 1990. 
Shallow  magmatic intrusions, inferred from seismic activity, ground deformation, and 
changes  in fumarolic gas composition on and around Mammoth  Mountain  beginning  in 
1989, have been interpreted  as the source of the CO (sub 2) gas. Airborne  remote sensing 
data for the field area, collected using multi- and hyperspectral  (NS001 (TMS), MASTER, 
ASTER and AVIRIS) sensors, are being evaluated  to map the spatial and temporal variation 
in the distribution of magmatic CO (sub 2) -induced  tree kills between  1989 and present. Field 
spectral measurements have been incorporated into the remote sensing evaluation  to 
establish  the reflectance characteristics  of the field area, to provide ground truth 
measurements  and improve the quality of the remote sensing analyses. The results of the 
temporal remote sensing assessment  have been integrated into a geographic information 
system with a detailed geologic map of the field area to highlight relationships  between 
surface geology and areas of tree mortality. These evaluations will assist in constructing a 
picture of the structure and volcanic activity beneath Mammoth  Mountain  and aid in analysis 
of future volcanic unrest. 
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Abstract  This database  provides an overview  of the studies being conducted  by the Long 
Valley Observatory in eastern California  from 1975 to 2001. The database  includes 
geologic, monitoring, and topographic  datasets  related to Long Valley caldera. 
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Abstract  High Concentrations of cold Carbon dioxide (CO (sub 2) ) emitted from the flanks of 
Mammoth Mountain  volcano, on the southwestern  ring fracture of the Long Valley Caldera, 
eastern California,  are believed to be the cause of over 170 acres of dead trees in that area 
since 1990. Shallow  magmatic  intrusions, inferred from seismic  activity, ground deformation, 
and changes in fumarolic gas composition  on and around Mammoth  Mountain beginning  in 
1989,  have been interpreted  as the source of the CO (sub 2) gas. To evaluate  volcanic 
activity and interpret  subsurface  conditions at Mammoth  Mountain,  this study maps the 
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spatial and temporal variations  in the distribution of magmatic  CO (sub 2) -induced tree kills 
using remote sensing technology. Digital mapping  of the time-varied CO (sub 2) -induced 
tree kills incorporates  available multi-and hyper -spectral  image sets from NASA, including: 
AVIRIS, TIMS, NS001 (TM Simulator), and MASTER  data for the study area. Spectral 
measurements have been made in the field to establish  the reflectance  characteristics  of the 
field area, to provide ground truth measurements  and improve the quality of the remote 
sensing analyses. Developing an understanding  of the temporal migration  of CO (sub 2) 
emission-induced tree kills may assist in constructing a picture of the structure and volcanic 
activity beneath Mammoth  Mountain  and aid in analysis of future volcanic unrest. 
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Abstract Noncondensible  gases from hot springs,  fumaroles, and deep wells within the Valles 

caldera geothermal system (210 -300 degrees C) consist of roughly 98.5 mol% CO (sub 2) , 
0.5 

mol%  H (sub 2) S, and 1 mol% other components. (super 3) He/ (super 4) He ratios 
indicate a deep magmatic  source (R/R (sub a) up to 6) whereas  delta (super 13) C-CO (sub 
2) values (-3 to -5 per mil) do not discriminate  between  a mantle/magmatic  source and a 
source  from subjacent,  hydrothermally  altered Paleozoic carbonate rocks. Regional  gases 
from sites within a 50-km radius beyond Valles caldera are relatively  enriched  in CO (sub 
2) and He, but depleted  in H (sub 2) S compared  to Valles gases. Regional  gases have 
R/R (sub a) values < or =1.2 due to more interaction  with the crust and/or less contribution 
from the mantle. Carbon sources  for regional CO (sub 2) are varied. During 1982-1998, 
repeat analyses of gases from intracaldera sites at Sulphur Springs showed relatively 
constant  CH (sub 4) , H (sub 2) , and H (sub 2) S contents. The only exception  was gas 
from Footbath Spring (1987-1993), which experienced increases  in these three components 
during drilling and testing of scientific  wells VC-2a and VC-2b. Present-day Valles gases 
contain substantially less N (sub 2) than fluid inclusion gases trapped in deep, early -stage, 
post- caldera vein minerals. This suggests  that the long-lived Valles hydrothermal  system 
(ca. 1 Myr) has depleted  subsurface  Paleozoic  sedimentary rocks of nitrogen. When 
compared with gases from many other geothermal systems,  Valles caldera gases are 
relatively enriched in He but depleted  in CH (sub 4) , N (sub 2) and Ar. In this respect, 
Valles  gases resemble end -member  hydrothermal  and magmatic  gases discharged  at hot 
spots (Galapagos, Kilauea, and Yellowstone). 
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Abstract  A major campaign  to quantify  the magmatic  carbon discharge in cold groundwaters 

around Mammoth Mountain  volcano in eastern California  was carried out from 1996 to 
1999. The total water flow from all sampled  cold springs was > or =1.8X10 (super 7) m 
(super 3) /yr draining an area that receives an estimated  2.5X10 (super 7) m (super 3) /yr 
of recharge, suggesting that sample coverage  of the groundwater system was essentially 
complete. Some of the waters contain magmatic helium with (super 3) He/ (super 4) He 
ratios as high as 4.5 times the atmospheric ratio, and a magmatic  component in the 
dissolved  inorganic 

carbon (DIC) can be identified  in virtually every feature sampled. Many waters have a (super 
14) C of 0-5 pmC, a delta (super 13) C near -5 per mil, and contain high concentrations  (20- 
50 mmol/l) of CO (sub 2(aq)) ; but are otherwise  dilute (specific conductance  = 100 -300 mu 
S/cm) with low pH values between 5 and 6. Such waters have previously  escaped notice at 
Mammoth Mountain,  and possibly at many other volcanoes,  because CO (sub 2) is rapidly  
lost to the air as the water flows away from the springs,  leaving neutral pH waters containing  
only 1-3 mmol/l HCO (sub 3) (super -) . The total discharge  of magmatic  carbon in the cold 
groundwater system at Mammoth  Mountain  is approximately  20 000 t/yr (as CO (sub 2) ), 
ranging seasonally from about 30 to 90 t/day. Several types of evidence  show 
that this high discharge of magmatic  DIC arose in part because of shallow  dike intrusion in 
1989, but also demonstrate that a long-term discharge  possibly half this magnitude ( 
approximately 10 000 t/yr) predated  that intrusion. To sustain a 10 000 t/yr DIC discharge 
would require a magma intrusion rate of 0.057 km (super 3) per century, assuming  complete 
degassing  of magma with 0.65 wt% CO (sub 2) and a density of 2.7 t/m (super 3) . The 
geochemical data also identify a small (<1 t/day) discharge  of magmatic  DIC that can be 
traced to the Inyo Domes area north of Mammoth  Mountain  and outside the associated 
Long Valley caldera. This research, along with recent studies at Lassen Peak and other 
western  USA volcanoes,  suggests that the amount of magmatic  carbon in cold 
groundwaters is important  to constraining rates of intrusion and edifice weathering  at 
individual volcanoes  and may even represent a significant  fraction of the global carbon 
discharge  from volcanoes. 

 
Publication  Year   2002 

 
Publication  Type   Serial; Analytic 

 
Accession  Number    2002-057957 

 
 

68. Database   GeoRef 
 

Title     Detecting  volcanic  eruption precursors;  a  new  method using gravity  
and deformation measurements 

 
Author Williams-Jones, Glyn; Rymer, Hazel 

 
Affiliation Open University, Department  of Earth Sciences,  Milton Keynes, United Kingdom (GBR) 

 
Affiliation University  of Miami, United States (USA); Universidad Nacional Autonoma  de 

Mexico, Mexico (MEX) 
 

Affiliation Russian Academy  of Sciences,  Geoelectromagnetic Research Institute, Moscow,  Russian 
Federation  (RUS) 

 
Source Journal of Volcanology and Geothermal  Research,  vol.113, no.3-4, pp.379-389, 30 Mar 2002 

 
Resource  Location    http://www.sciencedirect.com/ science/journal/03770273 

 
Publisher Elsevier,  Amsterdam, Netherlands (NLD) 

 
Abstract One of the fundamental  questions  in modern volcanology is the manner in which a volcanic 
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eruption is triggered; the intrusion of fresh magma  into a reservoir is thought to be a key 
component. The amount by which previously  ponded reservoir magma interacts with a newly 
intruded magma  will determine  the nature and rate of eruption as well as the chemistry  of 
erupted lavas and shallow  dykes. The physics of this interaction  can be investigated  through 
a conventional  monitoring procedure  that incorporates  the simple and much used Mogi 
model relating ground deformation (most simply represented  by Delta h) to changes  in 
volume of a magma  reservoir.  Gravity changes  (Delta g) combined with ground deformation 
provide information on magma reservoir mass changes. Our models predict how, during 
inflation, the observed  Delta g/Delta h gradient will evolve as a volcano develops  from a 
state  of dormancy  through unrest into a state of explosive  activity. Calderas  in a state of 
unrest and large composite  volcanoes  are the targets for the methods  proposed  here and 
are exemplified by Campi Flegrei, Rabaul, Krafla, and Long Valley. We show here how 
the simultaneous  measurement  of deformation and gravity at only a few key stations can 
identify important precursory  processes  within a magma  reservoir prior to the onset of more 
conventional eruption precursors. 

 
Publication  Year   2002 

 
Publication  Type   Serial; Conference document; Analytic 

 
Accession  Number    2002-055679 

 
 

69. Database   GeoRef 
 

Title     Response plan for volcano hazards in the Long Valley Caldera and Mono 
Craters region California 

Author  Hill, David P ;  Dzurisin, Daniel ;  Ellsworth, William L; Endo, Elliot T; Galloway, D L;  Gerlach, 

Terry M; Johnston, Malcolm J S ;  Langbein, John ;  McGee, Ken A ;  Miller, C Dan ; 
Oppenheimer, David H; Sorey, Michael L 

 
Affiliation U. S. Geological  Survey, USA, (United States) 

 
Source U. S. Geological  Survey Bulletin, Report: B 2185, 57 pp., 2002 

 
Resource  Location    http://pubs.usgs. gov/bul/b2185/ 

 
Publisher U. S. Geological  Survey, Reston, VA, United States (USA) 

 
Abstract  Persistent  unrest in the Long Valley Caldera, characterized  by recurring  earthquake 

swarms,  inflation of the resurgent  dome in the central sections  of the caldera, and 
emissions of magmatic  carbon dioxide around Mammoth  Mountain,  during the last two 
decades and continuing into the 21st century emphasize that this geologically  youthful 
volcanic system is capable of further volcanic activity. This document  describes  the U. S. 
Geological  Survey's (USGS) response  plan for future episodes  of unrest that might augur 
the onset of renewed volcanism in the caldera or along the Inyo-Mono Craters chain to the 
north. Central to this response plan is a four-level color code with successive  conditions, 
GREEN (no immediate  risk) through RED (eruption  under way), reflecting progressively more  
intense activity levels as summarized in table 1 and 2 and described  in detail in section II of 
this report. 
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Abstract  We compiled  time series of hydrothermal  discharge  consisting  of 3593 chloride - or heat- flux 
measurements from 24 sites in the Yellowstone region, the northern Oregon  Cascades, Lassen 
Volcanic  National  Park and vicinity, and Long Valley, California. At all of these sites the 
hydrothermal  phenomena are believed to be as yet unaffected by human activity, though 
much of the data collection  was driven by mandates  to collect environmental-baseline data 
in anticipation  of geothermal development.  The time series average 19 years in length and 
some of the Yellowstone sites have been monitored  intermittently  for over 30 years. Many 
sites show strong seasonality but few show clear long-term trends, and at most sites 
statistically significant  decadal -scale trends are absent. Thus, the data provide robust 
estimates of advective  heat flow ranging  from approximately  130 MW in the north-central 
Oregon Cascades  to approximately  6100 MW in the Yellowstone region, and also document 
Yellowstone hydrothermal  chloride and arsenic fluxes of 1740 and 15-20 g/s, respectively. 
The discharge  time series show little sensitivity  to regional tectonic events such as 
earthquakes or inflation/deflation  cycles. Most long-term monitoring to date has focused  on 
high-chloride springs and low -temperature fumaroles. The relative stability  of these features 
suggests that discharge  measurements  done as part of volcano-monitoring programs should 
focus instead on high-temperature fumaroles, which may be more immediately  linked to the 
magmatic heat source. 
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Abstract  Resurgent  doming consists of the uplift, usually accompanied  by volcanic activity, of part 
of a collapse  caldera. Analogue models were used to investigate  the architecture  of 
resurgent domes. Dry sand simulates  the brittle crust; uprising  silicone, located at the base 
of the sand -pack, simulates  magma. The deformation pattern depends  mainly upon: (1) 
the ratio (aspect ratio) between  the thickness  of the sand overburden  and the width of the 
silicone intrusion; (2) the duration of experiment.  For aspect ratios nearly equal 1, two 
concentric  domes develop; the first-formed outer dome is bordered  by inward-dipping 
reverse ring faults, while the inner dome by outward-dipping normal ring faults. The layers 
inside the dome are uniformly dipping.  For aspect ratios nearly equal 0.4, the dome shows 
a crestal depression, surrounded  by radial fractures,  followed  by an apical extrusion of 
silicone. The internal structure of the dome is made up of domed layers. Independently 
from the aspect ratio, the duration of the experiment enhances  silicone  extrusion.  A 
consistent  structure is observed in most resurgent  domes in nature. The comparison 
between  experiments and nature suggests  that two distinct resurgence modes occur, 
mainly depending on the aspect ratio (thickness/width)  of the crust overlying  the magma 
chamber.  Aspect ratios nearly equal 1 develop  a resurgent  block with uniformly-dipping 
layers and peripheral  volcanic activity (Ischia and Pantelleria  type). Aspect ratios nearly 
equal 0.4 develop  a resurgent dome with a crestal depression, domed layers within and 
peripheral  and internal volcanic activity (Valles and Long Valley type). 
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Abstract  The rapid depressurisation  and discharge  of volatile rich silicic magma  chamber and the 
onset of caldera collapse  associated with ignimbrite  eruption is investigated  using combined 
theoretical and experimental approaches.  We first present a scaling analysis of the force 
balance on the roof of a depressurising  magma  chamber.  This provides a failure criterion for 
the chamber roof and shows that the chamber underpressure  required  to trigger coherent 
(piston) collapse  along a vertical or steeply outward dipping reverse ring fault increases 
with the roof aspect ratio (R = thickness/width).  The failure criterion is validated by a series 
of experiments that reveal a transition,  with increasing  roof aspect ratio, from piston collapse 
to either (1) no collapse  (low reservoir underpressure)  or (2) non -coherent collapse  (high 
reservoir underpressure).  Then, taking into account the failure criterion obtained  with the 
scaling analysis, a theoretical  model allows calculation  of the erupted chamber volume 
fraction required  to trigger caldera collapse.  We consider a two stage model, with an initially 
overpressured chamber that becomes progressively underpressured  as the eruption 
proceeds. The main input parameters  are the chamber depth, vertical extent and ellipticity 
in plan view, the magma  water content, the cohesion  and coefficient  of internal friction of 
the roof, and the ring fault dip. In the case of a mechanically homogeneous  roof and a 
single, large and rapid eruption, the erupted volume fraction required  to trigger piston 
collapse increases with the roof aspect ratio until the chamber is totally emptied (before 
initiation of 

any collapse)  at R nearly equal 1-1.4, the exact value depending mainly on the ring fault dip 
and to a lesser extent on the coefficient of internal friction of the roof. As shown by 
experiments, collapse  into reservoirs  with R>1-1.4 probably cannot collapse  as a piston and, 
if a surface caldera forms at all, collapse  is more likely to occur non -coherently.  Data for 
the onset of caldera collapse  during seven well documented  major ignimbrite  eruptions  are 
in broad agreement  with the model. 
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as precursors of future eruptions. Applying  geodetic  techniques to monitoring activity 
involves interpretation using deformation models.  Usually gravity change data and 
displacement data are interpreted  separately.  We show, using modeling of deformation and 
gravity change data in Long Valley Caldera, California,  USA, that this can lead to incorrect 
interpretations.  The results obtained  show that displacements and gravity changes  must be 
interpreted  together whenever possible  and that elastic -gravitational models can be a far 
more appropriate  approximation to problems  of volcanic load in the crust than the more 
commonly  used purely elastic models. Therefore  it is necessary  to change the philosophy 
normally  used to interpret geodetic observations,  improving  the possibility  of predicting 
future eruptions.  Copyright 2001 by the American  Geophysical  Union. 
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Abstract  Long Valley Caldera  is an active volcanic region in east central California.  Surface 
deformation on the resurgent  dome within the caldera was an order of magnitude higher for 
the five-month period September  1997 through January 1998 compared  to the previous 
three-year average. However, the location of the immediate  (shallow)  source of deformation 
remained essentially constant, 5-7 km beneath the dome, near the top of a region of 
probable magma  accumulation defined by seismic  data. Similarly, although  the rate of 
seismic moment release increased dramatically, earthquake locations  remained  similar to 
earlier periods. The rate of deformation increased  exponentially  between April -May 1997 
and late November  1997 with a time constant of approximately  55-65 days, after which it 
decreased  exponentially  with about the same time constant. We develop  a model consistent 

with these observations  and also consistent  with independent  constraints on sub-surface 
rheology from thermal, geochemical and laboratory  data. Deformation at sites on the resurgent 
dome most sensitive to the shallow  deformation source are well fit by a model with a single 
pressure source at 6km depth which experienced a pressure pulse that began in late  1996, 
peaked in November  1997, close to the time of major seismic  moment release, and 
essentially ended in mid-1999. The pressure source in our model is surrounded  by a 1 km 
thick "shell" of Maxwell viscoelastic material (shell viscosity  10 (super 16) Pa s) within 
an elastic half space, and has peak values that are much lower than corresponding  purely 
elastic half space models.  The shell viscosity  is characteristic of a weak, deformable solid, 
e.g. quartz-bearing country rock surrounding the magma  chamber at temperatures in the 
range 500 -600 degrees C, i.e. above the brittle-ductile transition,  and/or largely crystallized 
rhyolite near its solidus temperature of approximately 670 degrees C, material that probably 
exists near the top of the zoned magma  chamber at Long Valley. 
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Abstract  Collapse calderas  and resurgent  domes are a common association related to inflation- 
deflation processes  in volcanic systems.  The structure of calderas  and domes depends 
upon the permitted,  relative movements of crustal volumes at depth (the so-called "space 
problem"). In order to study the structures  of collapse  calderas  and resurgent  domes and to 
take the space problem into account, several analogue  models were made. Dry-quartz sand 
was used to simulate the rheology  of the brittle crust, while newtonian  silicone  putty, located 
at the base of the sand -pack, simulated  the ductile behaviour  of the magma. A piston 
moved the silicone  putty downward  or upward, inducing collapse  and doming within the 
sand. Three separate sets of experiments simulated:  (1) caldera collapse;  (2) resurgence; 
and (3) superimposition of resurgence on collapse  and vice versa. Collapse experiments are 
characterized by the development of two concentric  depressions;  the first-formed depression is 
bordered  by outward dipping reverse ring faults; the subsequent, outer concentric depression 
is bordered  by inward dipping normal ring faults. The deformation pattern during resurgence 
is a function of the overburden  thickness  (T) and the dome diameter (D). For higher T/D 
ratios a dome forms, bordered  by inward dipping high angle reverse ring faults; 

outward  dipping normal ring faults develop  at late stages. For lower T/D ratios, the dome 
shows, at late stages, a crestal depression accompanied  by radial fractures;  subsequently, 
an apical extrusion of silicone  occurs. The superimposition  of resurgence over collapse  (and 
vice versa) is characterized  by the complete reactivation, with opposite  kinematics, of all the 
pre-existing ring faults during inversion.  Both in caldera and resurgence, reverse ring faults 
form in the early stages due to differential  uplift; extensional  structures  subsequently form to 
accommodate  gravitational collapse  during the activity of the reverse faults. The experiments 
and the overall similarities with nature suggest  that the activity of both reverse and normal 
faults constitutes  a possible  solution to the space problem during major collapses  or 
resurgences. 
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Abstract  We model the second inflation period at Long Valley caldera, California  using a genetic 

algorithm technique  and high quality geodetic  measurements  of elevation  changes  and 
baseline extensions.  We compare two source inversions  for both spherical  Mogi point 
sources and the finite prolate ellipsoid of Yang and Davis. A sensitivity  analysis for the 
genetic algorithm is performed  based upon synthetic  data set inversions  on similar sources 
in order to better constrain the areal location, orientation, and volume of the potential 
sources. The spherical sources  are well constrained, the larger located at 9.9 km beneath 

the resurgent  dome, with a volume of 0.036 km (super 3) , while the second,  at only 0.008 
km (super 3) , is located at a depth of 7.3 km beneath the south moat. The depths to the 
ellipsoidal sources  are switched,  with the larger source at a depth of 9.6 km and the smaller 
at 11.8 km, with volumes of 0.037 and 0.002 km (super 3) , respectively. 
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caldera,  in the eastern Sierra Nevada of California,  shallow  earthquake swarms, CO (sub 2) 
-saturated  soils causing areas of treekill, and He-emissions with >5 Ra have been attributed 
to the intrusion of magma  to shallow depths in the crust. Given the close proximity  of 
Mammoth Mountain  to the resort town of Mammoth  Lakes an accurate assessment  of 
volcanic hazards is critical. To this end a three-part study was initiated: (1) computer 
modeling of the extent of lahars and block -and -ash flows of a range of volumes during an 
eruption of Mammoth  Mountain,  (2) a (super 40) Ar/ (super 39) Ar dating study of a possible 
temporal and spatial correlation of past mafic and silicic eruptions,  and (3) a petrographic 
and  petrologic  study to better understand what types and styles of future eruptions  are to be 
expected in the region. Hazards from gravity-driven flows at Mammoth  Mountain  are 
evaluated due to the recent activity being focused  beneath the mountain.  The extent of 
hazards from block -and -ash flows around Mammoth Mountain  is evaluated  by implementing 
the Energy Cone Model of Sheridan  (1980) into a Geographical  Information System. 
Similarly, hazards due to lahars are also evaluated  around Mammoth  Mountain  using the 
valley-inundation model of Iverson et al. (1998). The results show that the town of 
Mammoth  Lakes is threatened  by moderate-volume (1X10 (super 6) m (super 3) ) block - 
and -ash flows and that even small -volume lahars (1X10 (super 5) m (super 3) ) could reach  
the town due to their more fluid nature. A (super 40) Ar/ (super 39) Ar study of the 
youngest  units in and adjacent to the western  third of the caldera was undertaken. The 
results show that the bulk of Mammoth  Mountain  consists of trachydacitic lavas erupted at 
approximately 67 ka. These ages and our 29-40 ka ages for trachydacitic lavas in the 
northwest  quadrant of the caldera indicate that these silicic lavas are considerably  younger 
than previously  thought. The mafic and silicic eruptions  are temporally  and spatially 
correlated  and can be divided into four eruptive sequences over the past 160,000 years: the 
western  moat sequence ( approximately  160 ka), the Mammoth  sequence  ( approximately 
119 -57 ka), the northwest caldera sequence  ( approximately 40-29 ka), and the Inyo trend 
sequence  ( approximately 6 ka-present). Mafic magmas  vented widely and 
contemporaneously with felsic lavas throughout  the western  third of the caldera, suggesting 
that it cannot have been underlain by a large body (or bodies) of silicic magma  in the last 
160,000 years, which otherwise would have created  a "shadow zone" for the rise of denser 
basaltic magma. To understand  the type(s) of future eruptions  in the Long Valley region, it 
is important  to assess and describe past volcanism  and magmatic  interactions. The silicic 
volcanic rocks of the areas in and adjacent to the western  third of Long Valley caldera can 
be divided into fifteen distinct units based on location, mineral assemblage and mineral 
abundance.  Many of the lavas are complex mixtures  of multiple magmas,  with evidence  in 
the form of magmatic 

inclusions,  compositional  banding,  microdioritic  inclusions, strongly resorbed  phenocrysts, 
fritted plagioclase jacketed by intact rims of plagioclase or sanidine similar in composition  to 
unresorbed phenocrysts,  and xenocrystic phases.  The silicic volcanics contain plagioclase 
with resorbed  calcic cores and intact, more albitic rims, suggesting that the cores were 
derived from a more mafic magma. Large changes  in barium concentrations  at core-rim 
boundaries suggest  that Ba could be a useful monitor  of magma  mixing. Two suites of silicic 
lavas coexisted  for at least the past 110 ka: (1) trachydacites and alkali rhyolites associated 
with Mammoth  Mountain,  and (2) less alkalic trachydacites and rhyolites all containing 
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phenocrysts of potassic  sanidine in lavas north and northeast  of Mammoth  Mountain, 
including the Inyo lavas. Electron  microprobe data and sparse chemical  data suggest  that 
the Mammoth  Mo untain suite consists chiefly of mixtures  of differentiation  products  of the 
local mafic lavas. The potassic -sanidine-bearing suite contains a contribution from these 
same magmas,  but they also contain components derived from magma  bodies related to the 
residual Long Valley magma chamber.  This latter component,  solidified or very nearly so, 
is available for eruption only where it is remobilized by intrusion of basaltic magma  along the 
north-south Inyo trend. The knowledge that mafic and silicic eruptions  have been 
contemporaneous and have interacted  at Long Valley caldera for the past 160,000 years 
has implications  for volcanic hazards.  The unrest of the last two decades may be the result 
of basalt injected beneath Mammoth  Mountain  and the caldera and, considering the 
correlation of mafic and silicic eruptions  in the past, the potential for spatially 
associated silicic eruptions  exists, which could be considerably  more explosive. 
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increase in the magmatic component of helium discharging in a steam vent on the north side 
of Mammoth Mountain, which also began in 1989, has persisted until the present time. 
Anomalous CO (sub 2) discharge from soils first occurred during the winter of 
1990 and was followed by observations of several areas of tree kill and/or heavier than 
normal needlecast the following summer. Subsequent measurements  have confirmed that the 
tree kills are associated with CO (sub 2) concentrations  of 30-90% in soil gas and gas flow 
rates of up to 31,000 g m (super -2) d (super -1) at the soil surface. Each of the tree-kill areas  
and one area of CO (sub 2) discharge above tree line occurs in close proximity to 
one or more normal faults, which may provide conduits for gas flow from depth. We 
estimate that the total diffuse CO (sub 2) flux from the mountain is approximately 520 t/d, 
and that 30-50 t/d of CO (sub 2) are dissolved in cold groundwater flowing off the flanks of 
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the mountain. Isotopic and chemical analyses of soil and fumarolic gas demonstrate a 
remarkable homogeneity in composition, suggesting that the CO (sub 2) and associated 
helium and excess nitrogen may be derived from a common gas reservoir whose source is 
associated with some combination of magmatic degassing and thermal metamorphism  of 
metasedimentary  rocks. Furthermore, N (sub 2) /Ar ratios and nitrogen isotopic values 
indicate that the Mammoth Mountain gases are derived from sources separate from those 
that supply gas to the hydrothermal system within the Long Valley caldera. Various data 
suggest that the Mammoth Mountain gas reservoir is a large, low -temperature cap over an 
isolated hydrothermal system, that it predates the 1989 intrusion, and that it could remain a 
source of gas discharge for some time. Copyright 1998 by the American Geophysical 
Union. 
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Abstract     An analytical model for rock deformation and fracturing processes due to nonlinear waves 
of temperature and pressure and evolving with particularly large velocities in a fluid - 
saturated rock over a hyperthermal aquifer is here discussed. As in classical studies by Rice  
and Cleary [1976], McTigue [1986], and also Bonafede [1991] and Natale and Salusti [1996], 
the upper fluid -saturated matrix is considered homogeneous, thermoelastic, and isotropic in 
a one -dimensional formulation. As regards the nonlinear wave generation mechanism, at the 
boundary between the two horizons the hot fluid from below is forced upward by a pressure 
gradient, thus giving rise to strong pressure and temperature perturbations. In such a 
context,  in order to schematize wave -induced rock deformation and  fracturing processes 
we assume a continuous temperature and pressure dependence 
of model parameters such as fluid diffusivity and thermal expansivity of the rock and fluid. 
The solution we obtain is a strong shock wave corresponding  to nonlinear fluid migration 
mechanisms, in turn enhanced by the flow through the induced fractures in the overlying rock.  
It has to be stressed that once such a process starts off, it may be amplified and also may 
produce rather catastrophic behavior in the natural system. This model essentially provides a 
theoretical tool for interpreting such geophysical effects, in particular for volcanic complexes 
such as the Rabaul caldera, Long Valley caldera, Campi Flegrei, the island of Vulcano, or 
similar kinds of geological system. Copyright 1998 by the American Geophysical Union. 
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Abstract     Seismology is undoubtedly the most powerful method for determining the structure of the 

Earth below the deepest borehole. This thesis describes the use of seismic signals from 
both man-made and earthquake sources to model seismic velocities within a volume of the 
Earth. Based on data from explosions, a two-dimensional model for the P -wave velocities 
from the Baltic Shield in southern Sweden, across Denmark and into the North German 
Basin is presented. The observed crustal structures show clear signs of extension, 
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estimated to be at least 20% along the profile. However, the emphasis of my work has been 
on modeling seismic velocities in three dimensions using local earthquake travel times. Two 
studies have been conducted, one using data from the Long Valley caldera, California. 
Originally formed in a catastrophic eruption 0.76 My ago, the caldera is today characterized 
by intense seismic activity.  To better understand this volcanic system we have imaged the 
three-dimensional P - 

and S -wave velocity structure beneath the caldera. Low seismic velocities are observed 
below the resurgent dome down to depths of 9 km, which we believe are caused by 
hydrothermal circulation of fluids rather than by a large magma chamber. The observed 
lower than normal Vp/Vs ratios (<1.7) are associated with fractured rock containing 
compressible and low density fluids. Partially molten or hot material will reduce the S - more 
than the P -wave velocities, thus producing elevated Vp/Vs ratios. The second study 
exploits the earthquake data catalog from southwest Iceland. Within the study region are 
several volcanic centers, active and extinct. The seismically most active one is the Hengill 
volcanic complex, within 30 km of Reykjavik. The large fissure system is characterized  by 
lower than normal velocities and, similar to the Long Valley caldera, low Vp/Vs ratios. We 
conclude that supercritical magmatic fluids, such as CO (sub 2) and H (sub 2) O, circulate 
in the fissure system and cause the reduced velocities. These findings are important for 
understanding the nature of the volcanism and volcanic hazard in both study regions. 
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Abstract     Airborne laser altimetry has proved useful in recent years in examining volcanic landforms 
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and glacial ice sheets. With the advent of accurate differential GPS aircraft tracking, we 
believe that airborne lasers will also prove useful in monitoring time-varying topographic 
uplift, with rates as low as several centimetres of vertical motion per year. The Long 
Valley, California, caldera provides an excellent testing ground for this new technology. The 
region has a history of extensive volcanism, and its central dome has recently been 
undergoing resurgent uplift of up to 4 cm per year. In September 1993 we conducted three 
aircraft topographic surveys over the caldera and resurgent dome, utilizing a NASA T39 jet 
aircraft outfitted with a nadir-profiling altimetric laser (ATLAS), two P -code GPS receivers, a 
Litton LTN92 inertial unit for attitude, and aerial cameras. In addition, we operated two base 
- station GPS receivers for post-flight differential navigation and conducted a kinematic 
automobile survey of roads crossing the dome. The aircraft flew at a mean altitude of 500 
m above ground, and at speeds of 80-100 m s (super -1) . The laser had a divergence of 
1.7 mrad, and output 50 pulses per second, yielding footprints of 0.9 m diameter separated 
by about 2 m along track. Precision flying yielded multiple profiles along nearly identical 
paths, including crossing profiles over the resurgent dome, off the dome, and along a 
nearby  highway. The surveys included daily flights over Mono Lake for roll and pitch bias 
calibrations, and over the well-surveyed Lake Crowley to provide an independent check of 
estimated elevations. Much progress has been made in developing analysis procedures for 
the laser timing and attitude corrections. Crossover points from repeated profiles over the 
dome and the lake indicate that although some profiles contain relative bias errors of up to 
10 cm, most are substantially more accurate. The accuracy of the measurements  will 
increase as the various sources of error are better defined and dealt with. Even with the 
present analysis level, the distribution of crossovers near the centre of the dome is roughly 
Gaussian, with a mean of 2.6 cm and a standard deviation of 11 cm. The standard error of 
the mean is low (1 cm), due to the high number of crossover points, which holds promise for 
measuring systematic changes in the dome height from year to year. Also, comparison 
of laser heights of Lake Crowley to tidal gauge heights yields only a 1-4 cm difference in 
absolute height. These encouraging results serve to confirm further the concept of using 
aircraft laser surveys for geodetic tectonic monitoring. 

 
Publication Year   1997 

 
Publication Type   Serial; Analytic 

 
Accession  Number   1998-009295 

 
 

145. Database   GeoRef 
 

Title     The Bishop Tuff; new insights from eruptive stratigraphy 
 

Author     Wilson, Colin J N; Hildreth, Wes H 
 

Affiliation     Institute of Geological and Nuclear Sciences, Taupo, New Zealand (NZL) 
 

Affiliation     U. S. Geological Survey, United States (USA) 
 

Source     Journal of Geology, vol.105, no.4, pp.407-439, Jul 1997 
 

Resource Location   http://www.journals. uchicago.edu/ JG/home.html 
 

Publisher     University of Chicago Press, Chicago, IL, United States (USA) 
 

Abstract     The 0.76 Ma Bishop Tuff, from Long Valley caldera in eastern California, consists of a 
widespread fall deposit and voluminous partly welded ignimbrite. The fall deposit (F), 
exposed over an easterly sector below and adjacent to the ignimbrite, is divided into nine 
units (F1-F9), with no significant time breaks, except possibly between F8 and F9. 
Maximum clast sizes are compared with other deposits where accumulation rates are known 
or inferred to estimate an accumulation time for F1 -F8 as ca. 90 hrs. The ignimbrite (Ig) is 
divided into chronologically and/or geographically distinct packages of material. Earlier 
packages (Ig1) were emplaced mostly eastward, are wholly intraplinian (coeval with fall 
units F2 -F8), lack phenocrystic pyroxenes, and contain few or no Glass Mountain-derived 
rhyolite lithic fragments. Later packages (Ig2) were erupted mostly to the north and east, are 
at least partly intraplinian (interbedded with fall unit F9 to the east), contain pyroxenes, and 
have lithic fractions rich in Glass Mountain-derived rhyolite or other lithologies exposed on the 
northern caldera rim. Recognition of the intraplinian nature of Ig1 east of the caldera and use 
of the fall deposit chronometry yields accumulation estimates of ca. 25 hrs for an 
earlier, less-welded subpackage and ca. 36 hrs for a later, mostly welded subpackage. 
Average accumulation rates range up to > or =1 mm/s of densewelded massive ignimbrite, 
equivalent to > or =2.5 mm/s of non -welded material. Comparisons of internal stratification 
in Ig1 and northern Ig2 lobes suggest the thickest northern ignimbrite accumulated in < or 
=35 hrs. Identifiable vent positions migrated from an initial site previously proposed in the 
south- central part of the caldera (F1-8, Ig1) in complex fashion; one vent set (for eastern Ig2) 
migrated east and north toward Glass Mountain, while another set (for northern Ig2) opened 
from west to east across the northern caldera margin. Vent locations for Ig1 and Ig2 
southwest of the caldera have not been identified. The new stratigraphic framework shows 
that much of the Bishop ignimbrite is intraplinian in nature, and that fall deposits and 
ignimbrite units previously inferred to be sequential are largely or wholly coeval. 
Fundamental  reassessment is therefore required of all existing models for the eruption 
dynamics and the nature and causes of pre-eruptive zonations in trace elements, volatiles, 
and isotopes in the parental magma chamber. 
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Abstract     We describe a new ion microprobe method for dating magmatic zircon growth that is 
based on in situ measurement of the magnitude of (super 238) U- (super 230) Th 
disequilibrium. Our results support independent inferences that zircon can remain 
suspended for long periods (>100 ka) in the convecting portions of the magma from which 
it crystallizes. Because the crystallization  ages date when the magma cooled to its zircon 
saturation temperature, even when the zircons have long magmatic residence times, (super  
238) U- (super 230) Th zircon dating can be used to constrain the thermochemical 
evolution of silicic magmas. (super 238) U- (super 230) Th ages have been determined for 
individual zircons from rhyolites associated with the Long Valley magmatic system of 
eastern California. The samples are from Deer Mountain, an 115+ or -3 ka low -silica moat 
rhyolite, and from the coarsely porphyritic, low -silica rhyolite of South Deadman dome, one 
of the approximately 0.6 ka Inyo domes. Previous investigations have suggested that the 
two lavas were derived from the same magma reservoir. A few of the zircon model ages, 
calculated with respect to the isotopic characteristics of the whole rocks, are within error of 
that for eruption of the Deer Mountain rhyolite. However, the majority of zircons from both 
lavas cluster around an age of approximately 230 ka. This common interval of zircon 
nucleation and growth, for petrologically similar lavas, suggests that the younger Inyo dome 
lava may have tapped the same magma body from which the Deer Mountain rhyolite 
erupted more than 100 ka before. On the other hand, most of the zircon model ages are 
younger than previous episodes of silicic volcanism in the Long Valley Caldera, 
suggesting that the rhyolites may have been generated during development of a silicic 
upper crustal magma chamber in the western portion of Long Valley caldera. Zircon 
saturation temperatures for the rhyolites studied (795 - 810 degrees C) are the same as 
those obtained from coexisting Fe -Ti oxides (809+ or -4 degrees C), showing that the 
magma cooled to <815 degrees C more than 200 ka ago. The surprising consequence of 
these temperatures is the apparent longevity of the shallow magma reservoir from which 
relatively small (<1 km (super 3) ) volume magmas erupted. The magma reservoir could 
have remained molten because of the regular influx and differentiation  of mafic magma, 
resulting in accumulation of a much larger volume of magma than that erupted. 
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Abstract      Continuous Global Positioning System (GPS) measurements  at Long Valley Caldera, 
an active volcanic region in east central California, have been made on the south side of 
the resurgent dome since early 1993. A site on the north side of the dome was added in 
late  1994.    Special  adaptations   for  autonomous   operation   in  remote  regions  and 
enhanced vertical precision were made. The data record ongoing volcanic deformation 
consistent with uplift and expansion of the surface above a shallow magma chamber. 
Measurement   precisions  (1  standard  error)  for  "absolute"  position  coordinates,   i.e., 
relative to a global reference frame, are 3-4 mm (north), 5-6 mm (east), and 10-12 mm 
(vertical)  using 24 hour solutions. Corresponding  velocity  uncertainties  for a 12 month 
period are about 2 mm/yr in the horizontal components and 3-4 mm/yr in the vertical 
component.  High  precision  can  also be achieved  for  relative  position  coordinates  on 
short (<10 km) baselines using broadcast ephemerides and observing  times as short as 
3 hours, even when data are processed rapidly  on site. Comparison  of baseline length 
changes across the resurgent dome between the two GPS sites and corresponding  two- 
color electronic distance measurements indicates similar extension rates within error ( 
approximately 2 mm/yr) once we account for a random walk noise component in both 
systems that may reflect spurious monument motion. Both data sets suggest a pause in 
deformation  for  a 3.5 month  period  in mid-1995, when  the extension rate across  the 
dome  decreased  essentially  to zero. Three  dimensional  positioning data  from the two 
GPS stations suggest a depth (5.8 + or - 1.6 km) and location (west side of the resurgent 
dome) of a major inflation center, in agreement with other geodetic techniques, near the 
top  of  a magma  chamber  inferred  from  seismic  data.  GPS  systems similar  to  those 
installed  at Long Valley can provide  a practical  method  for near real -time monitoring 
and hazard assessment on many active volcanoes. Copyright 1997 by the American 
Geophysical Union. 
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Abstract     The Bishop Tuff and associated rocks filling Long Valley Caldera, California represent a 

case where thick and relatively uniform geologic units of known initial compositions have 
been subjected to a strong geothermal fluid flux within an enclosed basin. Oxygen isotopic 
compositions within individual components of this "flux plate" are used to characterize a 
magmatically driven paleohydrothermal  system. Oxygen isotope ratios of silicate components 
analyzed with a laser -probe/mass-spectrometer  system clearly illustrate the isotopic 
heterogeneity in the hydrothermally altered felsic volcanic rocks. The alteration resulted from 
moderately high-temperature hydrothermal activity. Hydrothermal  activity is linked to periods 
of post-caldera-collapse volcanism and resurgence in the central caldera. In general, (super 
18) O depletion in the Bishop Tuff resulting from exchange with hydrothermal fluids proceeds 
as pumice>matrix>sanidine>quartz  due to progressive resistance to alteration. Samples 
from the Long Valley Exploratory Well (LVEW) centered on the resurgent dome show 
downward increasing exchange and disequilibrium over the 
well's 2000-m depth. A flanking well shows the opposite pattern over 1300 m depth. Oxygen 
isotope isopleths along a W-E vertical cross section of the caldera reveals convective 
circulation upwards and outwards from the central resurgent dome. A paleotemperature 
maximum of approximately 350 degrees C in LVEW and a geothermal gradient of 
approximately 130 degrees C/km are deduced from feldspar/water oxygen isotope 
fractionation equations using the pumice and sanidine components of the intracaldera 
volcanic rocks. This is consistent with the degree of alteration and the secondary 
mineralogy. Present-day temperature maximum in the well is approximately 100 degrees C, 
and the geothermal gradient is 50 degrees C/km. Fossil hydrothermal water, trapped in fluid 
inclusions in hydrothermal vein quartz hosted by intracaldera rocks, has a calculated 
oxygen isotope composition of -10.2per mil based on chemistry and trapping temperature. 
This is 4per mil heavier than the average value for the present -day hydrothermal water and 
consistent with higher temperatures and water/rock ratios. Intrusive activity was initiated in 
the resurgent dome area soon after caldera collapse (760 ka), but migrated toward the 
western margin of the caldera, the locus of Holocene volcanism. Thus, the central 
hydrothermal system matured and waned as the heat sources from intrusions shifted 
westward. Geophysical evidence of renewed intrusive activity located beneath the resurgent 
dome may presage a future renewal of the cycle of hydrothermal activity in the central 
caldera region. Although the hydrothermal activity is complex and transitory, this history is 
normal for a large, relatively active caldera system such as Long Valley Caldera. 
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Abstract  Isotopic variations  in Cenozoic  mafic volcanic rocks in the Basin and Range Province of the 

southwestern United States are considered  by many to be due to differences  in mantle 
sources, either subduction -enriched  subcontinental  lithosphere  or the asthenosphere. This is 
a detailed  geochemical investigation of the magmatic  evolution  and mantle source(s)  of 
Quaternary mafic volcanism  at Long Valley Caldera  and the Devils Postpile National 
Monument, Western Great Basin. The Quaternary mafic lavas are dominantly post-Bishop Tuff 
(<0.7 Ma) in age, occur as isolated cinder cones and small -volume lava flows within 
the caldera, and range in composition  from alkali basalt to trachyandesite.  Whereas 
fractional crystallization is the dominant process  effecting  the evolution  of Long Valley lavas 
with MgO  > 7%, assimilation  of Sierra Nevada granitoids  becomes increasingly important 
at MgO < 7%, such that SiO (sub 2) , K/La, and (super 87) Sr/ (super 86) Sr increase asP/K,  
Zr/Ba, and (super 143) Nd/ (super 144) Nd decrease.  Assimilation -fractional crystallization  
calculations suggest  that the most evolved trachyandesites  include approximately  30% of 
upper crustal component.  In lavas with > 7% MgO, (super 87) Sr/ (super 86) Sr and La/Sm  
decrease as (super 143) Nd/ (super 144) Nd, Nb/La, Zr/Ba and (to a lesser extent) Pb isotope 
ratios increase from the oldest to the youngest Quaternary lavas. The oldest lavas are 
chemically similar to other lavas in the western  Basin and Range thought to have an enriched 
lithospheric  mantle source. Whereas  the shifts in Sr and Nd isotope ratios from  oldest to 
youngest basalts might be consistent  with a progressively increasing  asthenospheric 
component in the lavas, the shifts in incompatible element ratios and lack of shifts in Pb 
isotope ratios with time are not. Instead, they indicate that with time the mafic lavas may  have 
increasingly interacted  with mafic crust, perhaps gabbroic/dioritic  rocks at depth within  the 
Sierra Nevada Batholith.  Alternatively, a second,  less enriched lithospheric  mantle source  is 
present beneath the Long Valley area that has only recently begun to undergo melt  
generation, and this source has made progressively larger contributions  to the basaltic 
magmas  erupted at the surface. Copyright  1996 by the American Geophysical Union. 
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Abstract  Rb-Sr ages of melt inclusions  in quartz have the potential  to provide a unique and 

illuminating record of the differentiation  and accumulation history of silicic magmas.  Here we 
report the first Sr and Nd isotopic measurements  of melt inclusion bearing quartz (MIBQ), 
extracted from the Bishop Tuff (BT), representing what is arguably  the world's most 
controversial yet classic zoned silicic magmatic  system. Early erupted BT airfall pumice, 
representing material from the top of the magma  chamber,  yields individual  quartz crystals 
with Rb/Sr>70  and variable  apparent differentiation  ages of 1,420+ or -80 ka, 2,100+ or - 
100 ka, 2,150+ or -150 ka and 2,500+ or -200 ka. A bulk quartz separate has an apparent 
age of 1,900+ or -300 ka, while a quartz separate from an individual  airfall pumice has an 
apparent age of 1,330+ or -80 ka. These ages are similar to the Rb-Sr differentiation  ages 
(2,047 -1,894 ka) and k-Ar eruption ages (2,100 -1,300 ka) of the adjacent early pre-caldera 
rhyolites at Glass Mountain  (GM), indicating that the upper portions of the BT magma 
chamber included components that episodically  differentiated over the same time interval as 
early Glass Mountain volcanism. However, at this stage the magmatic systems  were 
separate, as indicated  by epsilon (sub Nd) of -1 for airfall melt inclusions, similar to the BT 
and late GM rhyolites, compared  to epsilon (sub Nd) of -3 for early GM rhyolites.  In 
contrast to BT airfall, melt inclusions  from intermediate  and later erupted BT ignimbrite 
pumice,  from deeper levels of the magma chamber,  give younger apparent  differentiation 
ages: 1,040+ or -140 ka (late erupted),  1,180+ or -80 ka (intermediate  erupted clast 1), and 
1,060+ or -110 ka, 1080+ or -110 ka (intermediate  erupted clast 2, two quartz size 
fractions).  These ages are indistinguishable  from the Rb-Sr differentiation  age of the late 
pre-caldera GM rhyolites, 1,140+  or -80 ka. The epsilon (sub Nd) of intermediate  and late 
erupted melt inclusions is -1, 

the same as BT airfall melt inclusions. These data are consistent with an early episodic 
development of the evolved upper portions of the BT magma  chamber.  However, we find no 
evidence that most of the differentiation  took place at around 2 Ma, as recently suggested 
on the basis of (super 40) Ar- (super 39) Ar dating. Most of the Bishop Tuff magma, 
particularly the later erupted portions,  differentiated in major events at around 1.0-1.2 Ma. 
Early differentiated melts repeatedly accumulated  in the upper portions of the chamber 
concomitantly with differentiation,  accumulation and eruption in the nearby Glass Mountain 
magma  reservoir,  which possibly represented  a separate cupola to a larger complex 
system. By approximately  1.2 Ma the Bishop Tuff magmatic  system expanded  to include the 
Glass Mountain region. We find no evidence  for differentiation  younger than approximately 
1.0 Ma in any samples from the Bishop Tuff (or Glass Mountain),  confirming  the view that 
over the >300,000  years that elapsed  before eruption of the Bishop Tuff, the stratified 
magmatic system remained  largely stable. 
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Abstract  Drilling of the Long Valley Exploratory  Well on the resurgent dome in the Long Valley 

Caldera revealed  >300 m cumulative thickness  of granophyric  intrusions  within the 1180-m- 
thick, 760 ka intracaldera  Bishop Tuff. The intrusions  are aphyric to sparsely plagioclase - 
phyric, high-silica, high-barium and low -strontium  rhyolites.  They resemble  the lavas of the 
Early Rhyolite, the first phase of post-caldera volcanism. A mean (super 40) Ar/ (super 39) Ar 
age of 590+ or -17 ka from a part of a shallow  intrusion is coeval with Early Rhyolite 
volcanism. A second mean age of 454+ or -17 ka from the same intrusion  may reflect either 
younger Early Rhyolite activity with no external equivalent  or hydrothermal  resetting  of the 
argon system. Hydrothermal  alteration  of the intrusions  is characterized  by introduction of 
quartz, calcite and pyrite and formation  of illite/smectite.  High CO (sub 2) content of fluids 
apparently inhibited zeolite formation.  Alteration varies locally within intrusions  and intrusive 
groups and does not vary systematically with depth. Oxygen shows consistent  depletion of 
the (super 18) O isotope from an initial magmatic  composition  of +6.0 to +8.5 per mil to 
values ranging  from +1.4 to -0.4 per mil. The constant oxygen isotope depletion most likely 
reflects alteration  of intrusions due to local emplacement -induced  hydrothermal  circulation 
rather than a caldera-scale hydrothermal  system. In contrast,  (super 18) O depletion of the 
host Bishop Tuff increases regularly  with depth (except at an intrusive contact).  A pre-Early 
Rhyolite geothermal gradient of approximately  70 degrees C/km was inferred.  This is 
substantially higher than the current gradient but substantially  lower than expected for the 
case of a conductive regime over a shallow  residual  magma  chamber.  Either the intrusions 
were fed from a deep chamber,  or a cool hydrologic recharge  regime was established  early in  
caldera history. The age, thickness  and suspected  lateral extent of these shallow 
intrusions are such that emplacement  of the intrusions,  rather than inflation of a shallow 
chamber, is responsible for resurgence of the central Long Valley Caldera. Similar 
intrusions occur in another well on the resurgent  dome (LV13 -21) but not in wells located 
off the dome. 
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Abstract  We refined the model for inflation of the Long Valley caldera near Mammoth  Lakes, 
California, by combining  both geodetic measurements  of baseline length and elevation 
changes. Baseline  length changes  measured  using a two-color geodimeter with submillimeter 
precision  revealed  that the resurgent  dome started to reinflate in late 1989. Measurements 
between  late 1989 and mid-1992 revealed  nearly 13 cm of extension  across the resurgent  
dome. Geodetic  leveling surveys with approximately 2-mm precision  made in late 1988 and  
in mid-1992 revealed  a maximum  of about 8 cm of uplift of the resurgent dome. Two  
ellipsoidal  sources  satisfy both the leveling and two-color measurements,  whereas spherical  
point sources could not. The model's primary inflation source is located 
5.5 km beneath the resurgent  dome with the two horizontal  axes being nearly equal in size 
and the vertical axis being 4 times the length of the horizontal  axes. A second ellipsoidal 
source was added to improve the fit to the two-color measurements.  This secondary  source 
is located at a depth between  10 and 20 km beneath the south moat of the caldera and 
has the geometry  of an elongated  ellipsoid or pipe that dips down to the northeast.  In 
addition, the leveling data suggest  dike intrusion beneath Mammoth  Mountain  during the 
1988-1992 interval, which is likely associated  with an intense swarm of small earthquakes 
during the summer of 1989 at that location. Our analysis shows the dike intrusion to be the 
shallowest  of the three sources  with a depth range of 1-3 km below the surface to the top 
of the intrusion. Copyright  1995 by the American  Geophysical  Union. 
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Abstract  A permanent  Global Positioning  System  receiver at Casa Diablo Hot Springs,  Long Valley 

Caldera, California  was installed  in January,  1993, and has operated  almost continuously 
since then. The data have been transmitted daily to the Jet Propulsion Laboratory  for routine 
analysis with data from the Fiducial Laboratories for an International  Natural sciences 
Network (FLINN) by the JPL FLINN analysis center. Results from these analyses  have been 
used to interpret  the on going deformation at Long Valley, with data excluded  from periods 
when the antenna was covered under 2.5 meters of snow and from some periods when Anti 
Spoofing was enforced on the GPS signal. The remaining  time series suggests  that uplift of 
the resurgent  dome of Long Valley Caldera  during 1993 has been 2.5 + or - 1.1 cm/yr and 
horizontal motion has been 3.0 + or - 0.7 cm/yr at S53W in a no-net-rotation global 
reference  frame, or 1.5 + or - 0.7 cm/yr at S14W relative to the Sierra Nevada block. These  
rates are consistent  with uplift predicted  from frequent  horizontal  strain measurements. 
Spectral analysis of the observations  suggests  that tidal forcing of the magma  chamber is 
not a source of the variability  in the 3 dimensional  station location. These results suggest  
that remotely operated, continuously recording  GPS receivers could prove to be a reliable  
tool for volcano monitoring throughout  the world. Copyright  1995 by the American  
Geophysical Union. 
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Abstract  Routine geodetic  measurements  are made at only a few dozen of the world's 600 or so 
active volcanoes,  even though these measurements  have proven to be one of the 
surest precursors to eruptions.  Shallow  magma  accumulation in the crust often results in 
slight 

movement  of the ground surface, easily measured  using standard land-surveying techniques. 
The pattern and rate of surface movement reveals the depth and rate of pressure  increase 
within a shallow  magma  reservoir.  This process is clearly demonstrated at Kilauea and 
Mauna Loa, Hawaii; Long Valley caldera, California;  Campi Flegrei caldera, Italy; Rabaul 
caldera, Papua New Guinea;  and Aira caldera and nearby Sakurajima, Japan. Slower and 
lesser amounts  of ground movement at Yellowstone caldera, Wyoming,  and 
Tangkuban Parahu,  Java, are attributed  to changes  in a hydrothermal  system that overlies a 
crustal magma  body. The vertical and horizontal  dimensions  of eruptive fissures, as well as 
the amount of widening, were determined from the difference  between pre- and post- 
eruption geodetic  surveys at Etna, Italy; Tolbachik, Kamchatka; Krafla, Iceland;  and Asal- 
Ghoubbet, Djibouti, the last a segment  of the East Africa Rift Zone. Continuously recording 
instruments, such as tiltmeters,  extensometers,  and dilatometers, have recorded  lengthening 
and upward growth of eruptive fissures, usually at rates of hundreds  of meters per hour, at 
Kilauea; Izu -Oshima, Japan; Teishi Knoll seamount, Japan; and Piton de la Fournaise, 
Reunion Island. Such instruments also have recorded  the hour or less of slight ground 
movement that preceded  small explosive  eruptions  at Sakurajima and presumed sudden gas  
emissions  at Galeras, Colombia.  The use of satellite geodesy, in particular  the Global 
Positioning System, offers the possibility  to reveal surface strain changes  local to a 
volcano and over a broad region that includes  the volcano. 
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Abstract  The influence  of collapsed  caldera structures  on the shape of ground deformations 
produced by source of overpressure  is analyzed.  The method uses a 2D approximation  of 
the model of compute,  by a boundary  method, the effect of lateral stress -strain 
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discontinuities  in a homogeneous elastic medium on ground deformation curves generated by 
a source of pressure located at depth. Such discontinuities  are taken to represent the 
borders of the collapsed caldera area, where the dislocated contact between  different 
lithologies  is likely to be a weakness zone, which can slip during deformation episodes  also 
at low stress levels. The results of numerical  modeling point out the strong influence  of the 
presence  of such discontinuities on the shape of the deformation field. In particular,  the 
location of such discontinuities affects the lateral extension  of the deformed  area in a much 
more effective way than the depth of the pressure source does. Observations from real 
calderas  support this model, showing  a very good correlation between  the caldera shape 
and the ground deformation shape. As a consequence,  it is doubtful that, in these areas, the 
application  of simple models (e.g., the Mogi model) is effective in determining  the source 
depth. In the case of Rabaul caldera, the application  of this model allows to formulate  a 
simple hypothesis  for explaining  the very small size of the deformed area, without involving 
the concept  of intrusions of magma  at very shallow  depths. 
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Abstract  While the deep structure and physical state of active silicic calderas  have until now been 
clouded with uncertainty, a unique opportunity presently exists to make direct observations 
in deep drill hole within the Long Valley caldera of eastern California.  For the first time, it 
will be possible  to obtain hard data on the physical existence of juvenile magma  within the 
basement rock of Long Valley. To critically test the hypothesis  that magma does indeed 
exist at relatively  shallow  depth, we need to obtain qualitatively  new information on the 
structure of the basement, on the physical conditions  leading to the sudden cessation  of 
earthquakes below approximately  4 km depth at the well site, and on the patterns and 
thermal efficiency  of deep fluid circulation within the basement  rock beneath the caldera. 
These fundamental  issues can all be addressed by continuing  the Long Valley Exploration 
Well that currently  extends  to a depth of 2.3 km beneath the center of the resurgent  dome. 
We propose to deepen the well to 4.3 km in a third phase of drilling. In contrast to the 
previous drilling that employed  conventional  oilfield technology, Phase III will be 
continuously  cored to allow unambiguous  characterization  of lithology, as well as systematic 
measurements of physical and chemical  properties  with depth. The target is the base of the 
seismogenic zone above the current center of inflation. We expect to resolve the paradox 
posed by surface geophysical evidence  of shallow  magma  but subdued  heat flow at 
moderate depth. Models for the caldera system can be critically tested only by observing 
the qualitatively new information given by the depth dependence  of physical and chemical 
properties. 

 
Publication  Year   1994 

 
Publication  Type   Serial; Conference document; Analytic 

 
Accession  Number    2010-044460 

 
 

170. Database   GeoRef 
 

Title     Microanalysis of oxygen isotope ratios; Long Valley Caldera 
 

Author Valley, J W; McConnell, V S ;  Eichelberger, John C; Spicuzza, M J 
 

Affiliation University  of Wisconsin, Department  of Geology,  Madison, WI, United States (USA) 
 

Affiliation University  of Alaska at Fairbanks, United States (USA) 
 

Author Mitterer, Richard M (chairperson) 
 

Affiliation University  of Texas at Dallas, Department  of Geosciences, Dallas, TX, United States (USA) 
 

Source Proceedings - International  Symposium  on the Observation of the Continental  Crust through 
Drilling,  vol. 7, pp.74 -77, 1994 

 
Publisher [varies],  [location varies], International  (III) 

 
Publication  Year   1994 

 
Publication  Type   Serial; Conference document; Analytic 

 
Accession  Number    2010-044464 

 
 

171. Database   GeoRef 
 

Title     Hydrologic testing and  hydrothermal  modeling at the Long Valley  
exploratory well 



Long Valley Caldera, California

393

 

 

 
 

Author Forster, Craig B ;  Morin, Roger; Sorey, Michael 
 

Affiliation University  of Utah, Earth Sciences and Resources  Institute, Salt Lake City, UT, United States  (USA) 
 

Affiliation U. S. Geological  Survey, United States (USA) 
 

Author Mitterer, Richard M (chairperson) 
 

Affiliation University  of Texas at Dallas, Department  of Geosciences, Dallas, TX, United States (USA) 
 

Source Proceedings - International  Symposium  on the Observation of the Continental  Crust through 
Drilling,  vol. 7, pp.82 -85, 1994 

 
Publisher [varies],  [location varies], International  (III) 

 
Publication  Year   1994 

Publication  Type   Serial; Conference  document; Analytic 
 

Accession  Number    2010-044466 
 
 

172. Database   GeoRef 
 

Title     Drilling, coring, and downhole testing at the Long Valley exploratory well 
 

Author Finger, J T;  Jacosbon, R D 
 

Affiliation Sandia National  Laboratories,  Geothermal  Research  Department,  Albuquerque,  NM, United States  (USA) 
 

Author Mitterer, Richard M (chairperson) 
 

Affiliation University  of Texas at Dallas, Department  of Geosciences, Dallas, TX, United States (USA) 
 

Source Proceedings - International  Symposium  on the Observation of the Continental  Crust through 
Drilling,  vol. 7, pp.86 -88, 1994 

 
Publisher [varies],  [location varies], International  (III) 

 
Publication  Year   1994 

 
Publication  Type   Serial; Conference document; Analytic 

 
Accession  Number    2010-044467 

 
 

173. Database   GeoRef 
 

Title     Reanalysis of S-to -P amplitude ratios for gross attenuation structure, Long 
Valley Caldera, California 

 
Author Sanders, Christopher O 

 
Affiliation Arizona State University, Department  of Geology,  Tempe, AZ, United States (USA) 

 
Source Journal of Geophysical  Research,  vol. 98, no. B12, pp.22,069-22,079, 10 Dec 1993 

 
Publisher American  Geophysical  Union, Washington, DC, United States (USA) 

 
Abstract  Because of the strong interest in the magmatism and volcanism at Long Valley caldera, 

eastern California,  and because of recent significant  improvements  in our knowledge  of the 
caldera velocity  structure and earthquake locations, I have reanalyzed  the local-earthquake S 
-to -P amplitude -ratio data of Sanders (1984) for the gross three-dimensional attenuation 
structure of the upper 10 km of Long Valley caldera. The primary goals of the analysis are 
to provide more accurate constraints on the depths of the attenuation anomalies  using 
improved knowledge  of the ray locations  and an objective inversion  procedure.  The new 
image of the high S wave attenuation anomaly  in the west-central caldera suggests  that the 
top of the principal anomaly  is at 7-km depth, which is 2 km deeper than previously 
determined. Because of poor resolution in much of the region, some of the data remain 
unsatisfied by the final attenuation model. This unmodeled data may imply unresolved 
attenuation anomalies, perhaps small anomalies  in the kilometer or two just above the central 
-caldera anomaly  and perhaps a larger anomaly  at about 7-km depth in the northwest  
caldera or somewhere beneath the Mono Craters. The central -caldera S wave attenuation  
anomaly has a location similar to mapped regions of low teleseismic P wave velocity, crustal 
inflation, reduced density, and aseismicity,  strongly  suggesting magmatic association.  
Copyright 1993 by the American  Geophysical  Union. 
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Abstract  Exposed around the margins of Mono basin and the periphery of Long Valley caldera are 

approximately 100 km (super 3) of potassic,  basic to intermediate  lavas that record high 
water and oxygen fugacities.  Most eruptions  occurred between  4 and 2 Ma, although 
sporadic potassic  volcanism  continued  into the Quaternary with a pulse between  0.1 and 
0.5 Ma, approximately  15 km northeast  of Mono basin. The lava types include absarokite, 
minette, hornblende lamprophyre,  trachybasalt,  and trachyandesite.  Estimated  water contents 
for lavas without hydrous phenocrysts range between  2 and 3 wt%, considerably more than  
mid-ocean ridge, oceanic island, or back-arc magmas.  Calculated  f O (sub 2) values fall 
between  -0.4 and +1.2 log units of the Ni-NiO buffer. Although  this potassic suite was 
erupted in an extensional  tectonic setting at the western margin of the Basin and 
Range province, its high K (sub 2) O/TiO (sub 2) and low Zr/Ba ratios suggest  a subduction - 
modified mantle source. If subduction was the process  that enriched  the lithospheric  mantle in 
large-ion lithophile  elements (K, Ba, etc.), it was also a mechanism for mantle oxidation and 
hydration.  October 1993 
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Abstract Finite element calculations  of magma  flow in dikelike channels  with length-to -width ratios of 

1000:1 or more have been used to investigate  the coupling between thermal and dynamical 
regimes due to temperature-dependent viscosity  and dissipation. Steady state solutions  with 
realistic thermal and dynamical  parameter  values have been obtained.  The models show that  
the onset of solidification on the boundaries of a basaltic or andesitic  dike, as predicted by 
idealized  laminar flow models,  can be prevented  or significantly delayed  by a small amount 
of transverse flow induced  by rising bubbles, boundary  roughness, or turbulence. This effect 
will reduce the critical initial widths of dikes estimated  by Bruce and Huppert (1989). In the 
absence of transverse flow, the bulk temperature of the magma  may actually increase slightly 
with distance along the dike as a result of viscous dissipation  even while solidification is 
occurring  on the walls of the dike. With converging  or necking dike walls it is 
found that boundary  temperatures fall to a minimum and then increase with distance along a 
dike even if viscous heating is neglected. For viscous heating to offset significant  rates of 
heat loss (2 kW/m (super 2) ) in a plane-parallel 1-m-wide basaltic dike, an average flow 
velocity of 2.7 m/s driven by a pressure gradient of 1.7 MPa/km  is required.  A 7% void fraction 
caused by exsolution of volatiles or chamber gas in the magma  will produce this pressure 
gradient. The ease of producing  such a gradient by reducing  the density of the magmatic 
column with addition  of a gas phase makes it likely that flows of basaltic magma could be 
maintained  in dikes tens of kilometers  long. Furthermore, a gas phase may be important for 
the propagation of the fracture prior to the initial injection  of magma  during dike emplacement. 
Rapid transport  of more silicic magmas  through dikes is inhibited by the requirement of large 
driving pressure gradients  exceeding  several hundred  megapascals per kilometer. However, 
the pressure gradient can be substantially  reduced if the magma  is a heterogenous mixture of 
a predominantly  silicic component with a more mafic component. 
Pipe flow experiments involving molten polymers that exhibit dynamical  similarity to magmas 
strongly suggest  that unmixing  occurs when a two-component magma mixture, in which the 
components have different viscosities, rises within a dike. Within a few dike widths of the 
inlet the less viscous mafic component encapsulates the more viscous silicic part, 
effectively lubricating the passage of the more viscous component.  Compositional  variations 
in the Obsidian Dome volcano support  the occurrence of this pressure reduction or self- 
lubrication mechanism. Such a self-lubrication process often may be necessary  to permit very 
viscous magmas to reach Earth's surface. If so, chemical  and lithologic zoning would be 
anticipated  as a common  feature of near -surface intrusions  or lava flows that are 
characterized  by a high silica and/or high crystal content such as at Deadman  Dome in 
Long  Valley, California. Copyright 1992 by the American Geophysical  Union. 
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Author Woodburne, Timothy Bradner 
 

Abstract  The moat basalt was rapidly erupted between  0.24 and 0.06 Ma ago and flooded the 
western half of the Long Valley Caldera, California.  Twenty-three moat basalt lava flows 
and a possible feeder dike have been sampled. Based on chemistry  and petrography, 
these rocks can be divided into five distinct groups: from group V, the most primitive ( 
approximately 48 wt.% Si02) and presumably the oldest, to group I, the most evolved ( 
approximately 58 wt.% Si02) and the youngest.  The groups, in general, become more 
evolved towards  the top of the sequence. These groups can be related by assimilation  and 
crystal fractionation. Olivine and pyroxene  are the fractionating phases relating group V, 
group IV, and group III. Plagioclase joins the fractionating phases relating group III, group II 
and group I. A granodiorite composition  has been calculated  as the assimilant using multiple 
linear regression. A chemically zoned lava flow overlain  by a primitive group IV flow lying 
between more evolved group II flows are interpreted  as eruptions  from a zoned magma 
chamber. 
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Abstract In 1982 and 1984 the U.S. Geological  Survey used several seismic  networks,  totaling over 

90 stations, to record teleseismic P waves and measure travel time residuals  in an area 
centered on the Long Valley caldera. We inverted the travel time residuals  to obtain a 
three- dimensional image of the velocity  structure with resolution  of 5-6 km to depths of 70 
km beneath the array. Direct inversion  of these data indicates  that the 2- to 4-km-thick low - 
velocity caldera fill contaminates  the signal from any midcrustal  velocity anomalies beneath 
the caldera. Thus two methods  were used to strip the effects of the upper crust from the 
travel time residuals: (1) ray tracing through upper crustal velocity  models provided  by 
seismic refraction  experiments and gravity surveys, and (2) an iterative  stripping  scheme 
using the inversion  itself. The methods produce essentially identical  results and adequately 
remove the effects of the shallowest crustal structures, including  the caldera fill and 
hydrothermal alteration  effects. The resulting  "stripped" models show two well-resolved 
midcrustal low -velocity  bodies in the Long Valley region. The first body is centered between 
7 and 20 km depth beneath the resurgent  dome of the Long Valley caldera and has a 
volume of 150 -600 km (super 3) . The second,  with a similar volume,  is centered between 
10 and 20 km depth beneath the Mono Craters, about 10 km north of Long Valley. 
Velocity contrasts in both of these bodies are about 6-10%, and the features are 
interpreted  as silicic magma chambers. This experiment does not preclude  the presence 
of additional  pockets of magma smaller than 5 km across in the upper crust, particularly 
beneath the resurgent dome of the caldera (which would be removed with the stripping 
methods).  It is likely that the midcrust anomaly  beneath the resurgent  dome is a remnant 
of the caldera forming  magma chamber. Upper mantle velocities  are lower than average 
beneath Mono Craters and higher than average beneath Long Valley. We tentatively 
interpret  these anomalies  as mantle partial melt beneath the Mono Craters and refractory 
upper mantle residuum  beneath Long Valley. The high eruptive rate of the Mono Craters 
and these upper mantle structures 

suggest  that the focus of volcanism  is shifting north from Long Valley to the Mono 
Craters. Copyright 1990 by the American Geophysical  Union. 
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Abstract  The spatial and temporal pattern of range front normal faulting and volcanism  in the Mono  
Basin of eastern California  suggests that dikes are being intruded underneath  the Mono  
Craters in response  to crustal stretching  and are now accommodating  strain that was once  
taken up by range front faulting.  The section of the Sierra Nevadan  range front near the 
craters accommodated  as much as 1 mm/yr of extension  as recently  as about 40,000 years  
ago. For the past 40,000 years, this section of range front has been inactive,  even though  
range front extension  to the north and south has continued  at up to 0.9 mm/yr. For the past 
40,000 years, dikes, intruding  underneath  the Mono Craters, seem to have been 
accommodating the 1 mm/yr of extension  that was previously  taken up by faulting.  Since 
the basin is extending obliquely  to the trend of the frontal faults, there is a component of 
dextral shear to their motion, so that the Mono Craters may be forming on an extensional 
boundary of a pull-apart basin. If the craters represent  incipient  caldera formation,  then 
calderas  such as Long Valley may also have formed in pull-apart zones. Copyright  1989 
by the American Geophysical Union. 
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Abstract  Volcanic  tremor or related phenomena have been recorded  at more than 120 volcanic areas  
worldwide. A comprehensive  literature search of over 560 references  covering  105 
volcanoes was made to determine  quantitative relationships  between different tremor 
parameters. Unpublished data from 5 volcanoes were added to the compilation.  Preliminary 
results show that more than 240,000 episodes  of tremor are reported in the literature. 
Analyses of subsets of these data show that approximately  65% of tremor episodes 
accompany eruptions  of gases or lava, and 35% occurred with no eruption. Volcanic tremor 
preceded eruptions  on a time scale of minutes  to hours in approximately  20% of the cases 
studied, and followed  eruptions in about 15% of the cases. Durations  of individual  tremor 
episodes range from minutes  to years: 62% from 1-59 minutes: 17% from 1-23 hours; 10% 
from 1-6 days: and 3% weeks or longer No data on durations  were given for 8% of the 
episodes. Continuous  tremor episodes  with durations  longer than one year have occurred 
at Etna, Stromboli,  Arenal, Kilauea, and Oshima volcanoes.  Based on data from 55 
volcanoes for which it was reported,  the mean frequency  of volcanic tremor is 3.8 Hz, and 
the median value is 3.2 Hz (Figure 1 below). The range of frequencies reported for tremor 
extends  from 0.12 Hz to 15 Hz. The higher values are typical of station distances of less 
than  1 km and active geothermal systems, while the lower values are typical of distances on 
the order of 5- 10 km and magmatic  activity. Observations of tremor depend critically on 
seismic  stations, and data on seismic  stations are readily available  for 78 volcanoes.  Of 
these, 25 volcanoes have at least one seismic  station within 1 km of the vent. While the 
most distant station to record tremor is 430 km away (Hydrophones  have recorded  T- phases 
from submarine  eruptions up to 8,600 km away.) Detection  thresholds,  normalized 
to reduced displacement, 

could be calculated  for 43 volcanoes.  Twelve volcanoes  have detection thresholds  less than 
1.0 cm (super 2) ; the lowest thresholds  are 0.02 cm (super 2) at Kilauea  and 0.05 cm 
(super 2) at Ruiz. Estimates  of the maximum  amplitude  of tremor, again normalized  to 
reduced displacement,  were calculated  for 22 volcanoes.  These range from 0.56 cm (super 
2) to approximately  100,000 cm (super 2) , the latter value accompanying  the great 
Vesuvius eruption of 1906. All of the values over 100 cm (super 2) except one occurred 
when large eruptions were in progress.  The dynamic range of tremor at individual volcanoes  
varies from 14 to 75 dB, with a mean of 38 dB and a median of 37 dB (Figure 
2 below). Felt tremor has been reported at 10 volcanoes: Paricutin,  Lamington, Etna, Api 
Siau, Sierra Negra, Vesuvius, Ruiz, Pacaya, Surtsey,  and Kilauea  Deep (>10 km) tremor or 
low -frequency  events have occurred at 3 volcanoes:  Kilauea, Oshima, and Lassen. Banded  
tremor -- periodic episodes separated  in time at regular intervals -- has occurred at 
6 volcanoes:  Karkar, Ruiz, Pavlof, Suwanose -jima. Ulawun. Klyuchevskoy,  and at Old 
Faithful geyser. Spasmodic tremor has occurred at Kilauea, Mount St. Helens, Fuego, 
Klyuchevskoy, Long Valley, and Vesuvius. 
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Abstract  Long Valley caldera, in eastern California,  is a deep, basinlike feature bounded by 
steeply dipping normal faults having vertical offsets of at least several kilometers  and 
is largely filled with effusive volcanics  and lacustrine  deposits.  Interest in delineating 
its substructure  has escalated over the past decade for a number of reasons;  for 
example, there is increasing  evidence that patterns of recent seismicity  and 
volcanism  may be controlled by pre-existing basement structures. In addition, the 
highly porous fill of the caldera basin forms the major hydrologic element in the 
region. For these and other reasons,  characterizing  the subsurface  geometry of Long 
Valley caldera is an important objective  of current geophysical  studies.This paper 
reports a combined  gravity and magnetotelluric  interpretation  which reveals a close 
similarity between  a simple 3-D gravity model and a telluric thin sheet interpretation. 
This underscores  the fact that both the gravity and the MT data are largely influenced 
by the same geologic elements:  the caldera fill, basement  topography, and the major 
boundary  faults. Moreover,  as in earlier MT interpretations,  a conductive  zone is 
seen beneath the southwest moat. In addition, however, because of new data, we 
now have evidence for a buried resistive  ridge cutting across the main body of the 
caldera from the northwest to the southeast  beneath the resurgent  dome. Interpreting 
this resistive  feature as a basement structural  "high" (that is, a horst block) is 
compatible with limited drilling data, 
and  it  appears  to  be  the  same  feature  that  has  been  described  as  a  "central 
platform"   from  previous  gravity  studies.  The  presence  of  such  a  horst  may  be 
fundamentally related to the structural evolution  of the resurgent  dome. 
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Abstract  The boundaries of Long Valley Caldera, in Eastern California, are sharply delineated  

by steeply dipping normal faults which, for the most part, are buried and obscured  by 
recent volcanic and sedimentary cover. The only evidence  for their presence  is from 
their geophysical signatures  on regional gravity, seismic  and electromagnetic  surveys.  
Recently,  a surge of interest has focused studies in the western  moat, where the 
volcanism  is most recent, and where many workers  feel that the geothermal potential  
is highest.  A detailed, narrow-band (20-80 s) magnetotelluric  profile in that area has  
delineated  a parallel set of buried high angle normal faults which have virtually no 
expression at the surface. The outermost fault has a throw of approximately 500 m, 
while the innermost  has a throw of approximately 2 km; neither has an expression in 
the surface morphology.  Moreover, based on a relatively  low resistivity  contrast  
between  the basement and the basin fill, we infer a relatively high fracture porosity  in 
the Sierran basement, which suggests that there may be considerable lateral and  
vertical migration  of meteoric  water; a result which has considerable significance to 
understanding  the regional hydrology. 
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Abstract  The Bishop Tuff is a large rhyolitic ash flow which erupted from Long Valley caldera in 

eastern California  and contains abundant sanidine cryptoperthite phenocrysts,  which can be 
used to constrain the time between  the two major cooling units. The cryptoperthites  (bulk 
composition Or (sub 66) Ab (sub 33) An (sub 1) ) have exsolved  in two principal stages, 
followed by a third, minor stage. The earliest exsolution,  which produced patches  of 

relatively  wide lamellae (100 -800 nm) without wedge-shaped ends (WSE), occurred by 
coherent nucleation  and was probably related to a high flux of water associated  with fumarolic 
activity in this area. The spacing of these lamellae shows no correlation with depth or thermal 
history. The second major stage of exsolution  occurred by spinodal decomposition, which 
produced lamellae with WSE having spa ein g s of from 80 to 170 nm, and the spacing  of 
these lamellae varies with depth in a pattern consistent  with the two known cooling  units. 
Heat flow calculations indicate that this pattern of lamellar  spacings  is consistent with an 
interval of about 1.0-2.0 years between the eruption of these two cooling units. 
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Abstract  In this review I describe results from experiments conducted  by the U.S. Geological 

Survey in diverse volcanic environments  to image velocity  anomalies  in the crust and 
upper mantle using teleseismic P -wave residuals.  The linear least-squares inversion 
technique  of Aki et. al. (1976, 1977) is extensively used in these studies. The seismic 
models thus obtained  are synthesized with available  geologic and geophysical data to infer 
plausible models of magma genesis in these regions. The three-dimensional velocity  model 
beneath Yellowstone Plateau shows a large low -velocity  body of approximately  100 km 
diameter centered on the caldera and extending  from the crust to a depth of about 250 km. 
This is interpreted to be a massive magma  body which is responsible for the volcanism 
during the past 2 m.y. in Yellowstone.  Teleseismic S -wave residuals, Raleigh-wave dispersion  
data, heat-flow, gravity, Curie isotherm  depths, and magnetotelluric  data, all support  the 
existence of a temperature near granite solidus beginning  at a depth of 5-10 
km beneath the Yellowstone caldera floor. In the Eastern Snake River Plain (ESRP) a low - 
velocity  anomaly is present in the upper mantle but not in the crust, leading to the 
speculation  that ESRP is the healed track of a northeast  propagating volcanic center whose 
present position is Yellowstone. The seismic  model for the ESRP-Yellowstone volcanic  
system, though unable to distinguish between  different models of origin of the system, 
clearly shows that basaltic magma rises from the mantle, melts the lithosphere and yields 
massive  quantities  of rhyolitic magma. The seismic velocity  structure beneath 
Hawaii, an oceanic hot spot, shows a complex crustal structure with no evidence  for a 
large magma chamber in the crust. However, in the upper mantle there is an elongate 
north-south trending low -velocity  zone, 200 km wide and traceable  to a depth of 165 km. 
Thus, similar hot-spot generation  models in the asthenosphere  may be applicable  to 
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Yellowstone and Hawaii, though the chemistry and volume of surface volcanism  is greatly 
different in the two areas. In all the six intra- plate silicic volcanic centers which we have 
probed using the teleseismic-residual  technique,  low -velocity anomalies, inferred as crustal 
magma  chambers  have been found. In at least one such volcanic center, Long Valley in 
California,  uplift and S -wave attenuation  measurements support that the magma  chamber 
delineated  by teleseismic residuals  is real. The suggestion of a root to the magma  chamber 
extending into the upper mantle supports the geologic model for magma genesis in these 
centers, namely,  infusion of basaltic magma from the asthenosphere  into the lithosphere and  
crust, and resulting  partial melting.  In contrast to the silicic volcanic centers, none of 
the andesitic  Cascade  volcanoes  show evidence for crustal magma  chambers  detectable 
using the teleseismic technique.  Teleseismic-residual data in two volcanoes,  Newberry in 
Oregon, and Medicine  Lake in California, show massive high-velocity intrusions  in the crust 
beneath the volcano edifice. A high-resolution seismic  imaging  experiment has revealed 
the presence  of a low -velocity anomaly which could be a dike -like molten magma  pocket 
within the high-velocity intrusive in Newberry  volcano. On a regional scale, the teleseismic 
residual experiments using long profiles have successfully delineated high-velocity 
anomalies, possibly related to subduction,  in the Oregon Cascades,  and a low -velocity 
anomaly  due to asthenospheric  upwarp 
beneath  the Rio Grande Rift. 
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Abstract  A review of gravity data reflecting shallow  concealed  structures on volcanoes demonstrates  

that valuable information may be derived on the geological  development of such structures  
and on the dynamic evolution  of active volcanoes.  To a first approximation, all recorded  
examples of anomalous  gravity fields associated  with volcanoes  are concentric with and 
have sources that lie within the volcanic edifice. Positive  anomalies  with wavelengths less 
than 20 km and amplitudes up to ca. 30 mGal, characterise mainly 
basaltic volcanoes  from various tectonic settings, and are caused by a relatively  dense 
intrusive complex/magma  body which contrasts with its surroundings  either because the 
body is more mafic than average or, more likely, because near surface, previously  erupted 
materials are uncompacted. Negative  anomalies  with wavelengths up to 100 km and 
amplitudes up to ca. 60 mGal, occur over much larger volcanic calderas, many of which 
have erupted highly silicic pyroclastic  ash and pumice; uncompacted  silicic caldera infill, 
with a possible contribution from low -density  magma  bodies, is responsible for the observed 
anomalies.  There is some evidence  for a continuum  of gravity anomaly  types that 
corresponds  to the geological evolution  of volcanic systems  generally from primitive rift or 
subduction -related basaltic andesite  to mature, high-level silicic calderas. Repeated 
microgravity observations over active volcanoes  enable magma  movements, variations  in 
magma input and changes in magma  density to be monitored  closely. Dynamic modelling 
of volcanic systems  is providing new evidence  on the behaviour  of concealed  magma 
bodies and could have considerable potential for predicting  eruptive events. 
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Abstract  Paleomagnetic  measurements  and K -Ar age determinations  on volcanic rocks from Long 
Valley caldera, California,  have enabled further refinement  of eruptive activity within this 
large silicic volcanic center. K -Ar age determinations  show that postcaldera volcanic 
eruptions began 0.73 m.y. ago and continued periodically until about 50,000 years ago. The 
eruptions were not temporally  random but tended to occur in distinct episodes  separated 
by periods  of quiescence.  Volcanism in the western  half of the caldera was particularly 
intense between 0.15 and 0.50 m.y. ago, when many units ranging  in composition  from 
basalt to rhyolite were erupted.  An average of the virtual geomagnetic poles for 33 units 
from the caldera yields a paleomagnetic  pole at 89.7 degrees N, 138.4 degrees E, (alpha 
(sub 95) = 5.1 degrees ), which is indistinguishable  from the earth's rotational  axis. The 
ancient geomagnetic field dispersion  about this mean pole is 16.0 degrees , with upper and 
lower limits of 19.3 degrees and 13.6 degrees , respectively. 
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